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PREFACE TO THE FOURTEENTH EDITION. 


The present edition of this Handbook has been re¬ 
arranged, and to a great extent re-written. In fact, with 
the exception of numerous illustrations, and a few pages 
here and there which treat of anatomical detail or describe 
instruments, and which have only been subjected to minor 
alterations, the book is a new one. 

In re-writing the book, 1 have endeavoured to bear in 
mind, that it is intended for the use of medical students, 
and I have also retained what has always been one of its 
special features, namely, that it treats of Histology as well 
as of Physiology proper. 

The number of new illustrations is numerous. For 
leave to borrow blocks or to copy figures I am greatly 
indebted to the Editors of “ Ouaiu’s Anatomy,” Prof. 
Schafer, Prof. McKendrick, Dr. Gowers, Dr. Mott, Dr. 
Brodie, Dr. Starling, and the late Sir George Johnson. 

The new figures have been executed throughout by 
Messrs. Walker and Boutall, whom 1 have to thank for the 
care which they have bestowed on the work. 

W. D. HALLIBURTON. 

King’s College, London. 

July, 1896. 
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HANDBOOK OF PHYSIOLOGY 


CHAPTER I. 

INTRODUCTORY. 

Biology is the science that treats of living things, and it is 
divided into two main branches, which are called respectively 
Morphology and Physiology. Morphology is the part of the 

science that deals with the form or structure of liv ing tilings, and 

with the ^problems of their o rig in and distribution. Physiology , 
on the other hand, treats of their functions, that is, the manner 
in which their individual parts carry out the processes of life. To 
take an instance : the eye and the liver are two familiar examples 
of what are called organs ; the anatomist studies the structure of 
these organs, their shape, their size, the tissues of which they are 
composed, their position in the body, and the variations in their 
structure met with in different parts of the animal kingdom. The 
physiologist studies their uses, and seeks to explain how the eye 

fulfils the function of vision, and how the liver forms bile, and 

ministers to the needs of the body in other ways. 

Each of these two great branches of biological science can be 
further subdivided according as to whether they deal with .the 
animal or the vegetable kingdom ; thus we get vegetable physi¬ 
ology and animal physiology- Human Physiology is a large and 
important branch of animal physiology, and to the student of 
medicine is obviously the portion of the science that should 
interest him most. In order to understand morbid or pathological 
processes it is necessary that the normal or physiological functlbfis 
should be learnt first. Physiology is not a study which can be put 
aside and forgotten when a certain examination has been passed ; 
it has a most direct and intimate bearing in its application to the 
scientific and successful investigation of disease. It will be my 
endeavour throughout the subsequent pages of this book to point' 

K.P. B 
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out from time to time the practical relationships between physi¬ 
ology and pathology. 

Human physiology will be our chief theme, but it is not a por¬ 
tion of the great science that can be studied independently of its 
other portions. Thus, m#ny of the experiments upon which our 
knowledge of human physiology rests have been performed 
principally on certain of the lower animals. In order to obtain a 
wide view of vital processes it will be occasionally necessary to go 
still further afield, and call the science of vegetable physiology to 
our assistance. 

In another sense, human physiology is in no isolated position. 
Its study must go hand in hand with the study of anatomy. It 
is impossible to understand how the body or any part of the body 
acts unless we know accurately the structure of the organs under 
consideration. This is especially true for that portion of anatomy 
which is called Microscopic Anatomy or Histology. Indeed, so 
close is the relationship between minute structure and function 
that in this country it is usual for the teacher of physiology to be 
also the teacher of histology. Another branch of anatomy, 
namely, Embryology, or the process of grow T th of the adult from 
the ovum, falls also within the province of the physiologist. 

But physiology is not only intimately related in this way to 
its sister science anatomy, but the sciences of chemistry and 
physics must also be considered. Indeed, physiology has been 
sometimes defined as the application of the laws of chemistry and 
physics to life. That is to say, the same laws that regulate the 
behaviour of the mineral or inorganic world are also to be found 
operating in the region of organic beings. If we wish for an 
example of this we may again go to the eye ; the branch of 
physics called optics teaches us, among other things, the manner 
in which images of objects are produced by lenses ; these same 
laws regulate the formation of the images of external objects upon 
the sensitive layer of the back of the eye by the series of lenses 
in the front of that organ. An example of the application of 
chemical laws to living processes is seen in digestion ; the food 
contains certain chemical substances which are acted on in a 
chemical way by the various digestive juices in order to render 
thepi of service to the organism. 

The question arises, however, is there anything else ? Are there 
any other law's than those of physics and chemistry to be reckoned 
with ? Is there, for instance, such a thing as “ vital force ” 1 It 
may be frankly admitted that physiologists at present are not 
able to explain all vital phenomena by the laws of the physical 
world ; but as knowledge increases it is more and more abundantly 



CH. I.] 


INTRODUCTORY? 


3 


shown that the supposition of any special or vital force is un¬ 
necessary ; and it should be distinctly recognised that when, in 
future pages, it is necessary to allude to vital action, it is not 
because we believe in any specific vital energy, but merely because 
the phrase is a convenient one for exjfc'essing something that we 
do not fully understand, something that cannot at present be 
brought into line with the physical and chemical forces that 
operate in the inorganic world. 

It will be in connection with the nervous system that we shall 
principally have recourse to this convenient expression, for it is 
there that we find the greatest difficulty in reconciling the 
phenomena of life with those of the non-living. 

Physiology proper may be conveniently divided into three main 
branches:— 

i. Chemical physiology; or the application of chemistry to 
living processes. 

2 - physical physiology ; or the application of physics to living 
proc, sses. 

3 . The physiology of the nervous system where the application 
of such laws is at present extremely difficult. 

But just as there is no hard and fast line between physiology 
and its allies pathology, anatomy, physics, and chemistry, so also 
there is no absolute separation between its three great divisions; 
physical, chemical, and so called vital processes have to be con¬ 
sidered together. 

Physiology is a comparatively young science. Though Harvey 
more than three hundred years ago laid the foundation of our 
science by his discovery of the circulation of the blood, it is only 
during the last half century that active growth has occurred. 
The reasons for this recent progress come under two headings; 
those relating to observation and those relating to experiment. 

Ihe method of observation consists in accurately noting things 
as they occur in nature; in other words, the knowledge of anatomy 
must be accurate before correct deductions as to function are 
possible. The instrument by which such correct observations can 
be made is, par excellence, from the physiologist’s standpoint, the 
microscope, and it is the extended use of the microscope, and the 
knowledge of minute anatomy resulting from that use, that has 
formed one of the greatest stimuli to the successful progress of 
physiology during the last fifty years. 

But important as observation is, it is not the most important 
method; the method of experiment is still more essential. This 
consists not in being content with mere reasonings from structure 
or occurrences seen in nature, but in producing artificially changed 
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relationships between the structures, and thus causing new com¬ 
binations that if one had waited for Nature herself to produce 
might have been waited for indefinitely. Anatomy is important, 
but mere anatomy has often lead people astray when they have 
tried to reason how an .organ works from its structure only. 
Experiment is much more important; that is, one tests one’s 
theories by seeing whether the occurrences actually take place as 
one supposes ; and tlras the deductions are confirmed or corrected, 
it is the universal use of this method that lias made physiology 
what it is. Instead of sitting down and trying to reason out how 
the living machine works, physiologists have actually tried the 
experiment, and so learnt much more than could possibly have 
been gained by mere cogitation. Many such experiments involve 
the use of living animals, but the discovery of anaesthetics, which 
renders such experiments painless, has got rid of any objection to 
experiments on the score of pain. 

We must next proceed to an examination of the general struc¬ 
ture of the body, and an explanation of some of the technical 
terms which will frequently be used hereafter. 

The adult body consists of a great number of different parts; 
and each part lias its own special work to do. Such parts of the 
body arc called organs. Each organ does not only its own 
special work but acts in harmony with other organs. This rela¬ 
tionship between the organs enables us to group them together 
into what are termed systems. Thus, we have the circulatory 
system, that is, the group of organs (heart, arteries, veins, Ac.) 
concerned in the circulation of the blood ; the respiratory system, 
that is, the group of organs (air passages, lungs, Ac.) concerned in 
the act of breathing ; the digestive, system, which deals with the 
digestion of food ; the excretory system, with the getting rid of 
waste products; the muscular system, with movement; and the 
skeletal system . with the s upport of the softer parts of the body. 
Over and above all these is the nervous system (brain, spinal cord, 
nerves), the great master system of the body which presides over, 
controls, and regulates the functions of the other systems. 

If we proceed still further on our anatomical analysis, and take 
any organ, we see that it consists of various textures, or, as they 
are^ called, elementary tissues. Just as one’s garments are 
made up of textures (cloth, lining, buttons, Ac.), so each organ is 
composed of corresponding tissues. The elementary tissues come 
under the following four headings :— 

1. Epithelial tissues. 3. Muscular tissues. 

2. Connective tissues. 4. Nervous tissues. 

Each of these is again divisible into sub-groups. 
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Suppose we continue our anatomical analysis still further, we 
find that the individual tissues are built up of structures which 
require the microscope for their accurate study. Just as the 
textures of a garment are made up of threads of various kinds, so 
also in many of the animal tissues we .find threads or fibres, at 
they are called. But more important than the threads are little 
masses of living material. J ust as the wall of a house is made up 
of bricks united by cement, so the body walls are built of 
extremely minute living bricks, united together by different 
amounts of cementing material. Each one of these living units 
is called a cell. 

Some of the tissues already enumerated consist of cells with only 
very little cement material binding 
them together; this, for instance, is 
seen in the epithelial tissues ; but in 
other tissues, particularly the connec¬ 
tive tissues which are not so eminently 
living as the rest, the amount of cement 
or intercellular material is much 
greater, and in this it is that the fibres 
are developed that confer the neces¬ 
sary strength for these binding tissues. 

If, instead of going to the adult 
animal, we look at the animal in its 
earliest stage of development, the 
ovum, we find that it consists of a 
single little mass of living material, 
a single cell. As development pro¬ 
gresses it becomes an adherent mass of 
cells. In the later stages of develop¬ 
ment various tissues become differen¬ 
tiated from each other by the cells becoming grouped in 
different ways, by alterations in the shape of the cells, by 
deposition of intercellular matter between the cells, and by 
chemical changes in the living matter of the cells themselves. 
Thus in some situations the cells are grouped into the various 
epithelial linings; in others the cells become elongated and 
form muscular fibres; and in others, as in the connective 
tissues, there is a preponderating amount of intercellular mate¬ 
rial which may become permeated with fibres, or be the seat 
of the deposition of calcareous salts, as in bone. Instances 
of chemical changes in the cells themselves are seen on the 
surface of the body where the superficial layers of the epidermis 
become homy ; in the mucous glands, where they become -filled 
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Fig 1 , i.—Vegetable cells. 
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with mucin, and in adipose tissue, where they become charged 
with fat. 

The term cell was first used by botanists ; in the popular sense 
of the word a cell is a space surrounded by a wall, as the cell 

u of a prison, or the cell of a honey-comb. 
In the vegetable cell, there is a wall 
made of the starch-like material called 
cellulose, within this is the living 
matter, and a number of large spaces 
or vacuoles filled with a watery fluid. 
The use of the term cell by botanists 
was therefore completely justified. 

But the animal cell is different; as 
a rule it has no cell-wall, and no 
vacuoles. It is just a little naked 
lump of living material . This livin g 
material_Js. jelly-like, in consistency, 
possessing the power of movement, and 
Fig. a.—Animal ceil consisting the name protoplasm has been be- 

nuc?eut’ PlUSm COnteining “ Stowed On it. ' 

Somewhere in the protoplasm of all 
cells, generally near the middle in animal cells, is a r ou ndi sh 
s tructur e of more solid consistency than the rest of the proto¬ 
plasm, cttHeCiHe^Huaiaiis. 

An animal cell may therefore be defined as a mass of jrrotoplasm 
containiny a nucleus. 

The simplest animals, like the amoeba), consist of one cell only : 


MM 

Ifepisi 

■tPi 



Fig. 4.—Cells of the yeast plant in pro- 
Fig. 3.—Amoebae: unicellular animals. cess of budding. 

1 

the simplest plants, like bacteria, torulee, etc., consist of one cell 
only. 

Such organisms are called unicellular. In the progress of their 
life history the cell divides into two; and the two new cells 
separate and become independent organisms, to repeat the process 
later on. 
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In the case of the higher animals and plants, they are always 
unicellular to start with, but on dividing and sub-dividing the 
resulting cells stick together and subsequently become differ¬ 
entiated and altered in the manner already indicated. In spite 
of these changes, the variety of whicl* produces the great com¬ 
plexity of the adult organism, there are certain cells which still 


Pig, 5,—Human colourless blood-corpuscle, showing its successive changes of outline 
within ten minutes when kept moist on u. warm stage. (Schottcld.) 

retain their primitive structure; notable among these are the 
white corpuscles of the blood. 

All living cells, all living things, whether unicellular or multi¬ 
cellular, are characterised by the following : 

1. Power of movement; this is seen in amoeboid movement, 
ciliary movement, muscular movement. 

2. Power of assimilation, that is, ability to take in nutrient 
material or food and convert it into protoplasm. 

3. Power of growth ; this is a natural consequence of the 
power of assimilation. 

4. Power of reproduction ; this is a variety of growth. 

5. Power to excrete; to give out waste materials, the products 
of other activities. 

Physiology after all is only a detailed study of these five 
characteristics of vitality, but before wc can proceed to that 
study, it will be first necessary to devote a few preliminary 
chapters to a more minute consideration of the animal cell and the 
elementary tissues or textures of the body. 
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CHAPTER II. 

* 

THE ANIMAL CELL. 

An animal coll is usually of microscopic dimensions, in the 
human body varying from to - 5T) ’ 0T y of an inch in diameter. 

It consists of— 

1. Protoplasm. This makes up the main substance of the 
cell. 

2. Nucleus : a vesicular body within the protoplasm, generally 
situated near the centre of the cell. 

3. Attraction sphere : this is another minute particle contained 
within the protoplasm, near the nucleus. 

These three portions demand separate study. 

Protoplasm. 

Until recent years, protoplasm was supposed to be a homo¬ 
geneous material entirely destitute of structure, though generally 
containing minute granules of solid consistency, or globules 
(vacuoles) containing a watery fluid. 

It has, however, now been shown with high powers of the 
microscope that in many cells, the protoplasm consists of two 


a B 



Fig. 6.— (a.) A colourless blood-covpuselo showing the intra-eellular network, and two 
nuclei with intra-nuelear network. 

(b.) Coloured blood-corpuscle of newt showing the intra-cellular network of 
fibrils. Also oval nucleus composed of limiting membrane and fine intra- 
nuelear network of fibrils, x 800. (Klein and Noble Smith.) 

parts, a fine network of . fibrillte in which the more fluid and 
apparently structureless portion of the protoplasm is contained. 
(See figs. 2 and 6.) 

The network or spongework is called the reticulum or 
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spongioplasm, and the more fluid portion in its meshes the 
enehylema or hyaloplasm. 

The granules in .protoplasm are partly thickened portions of the 
spongioplasm, but in addition to this there appear to be free 
granules, some fatty in nature (staining black with osmic acid), 
some composed of the substance called glycogen or animal starch 
(staining reddish brown with iodine), and sometimes in a few 
unicellular animals they consist of inorganic (calcareous) 
matter. But by far the most constant and abundant of the 
granules are like the main substance of the protoplasm, proteid 
or albuminous in composition. 

The chemical structure of protoplasm can only be investigated 
after the protoplasm has been killed. The substances it yields 
are (i) Water; protoplasm is semifluid, and at least three- 
quarters of its weight, often more, are duo to water. (2) 
Proteids. These are the most constant and abundant of the 
solids. A proteid or albuminous substance consists of carbon, 
hydrogen, nitrogen, oxygen, with sulphur and phosphorus in 
small quantities only. In nuclein, a proteid-like substance 
formed in the nuclei of cells, phosphorus is more abundant. 
The proteid obtained in greatest abundance in the cell proto¬ 
plasm is called a nucleo-proteid, that is to say, it is a compound 
containing varying amounts of this material nuclein with proteid. 
White of egg is a familiar instance of an albuminous substance 
or proteid, and the fact (which is also familiar) that this sets 
on boiling into a solid will serve as a reminder that the greater 
number of the proteids found in nature have a similar tendency 
to coagulate under the influence of heat and other agencies. 
(3) Various other substances occur in smaller proportions, the 
most constant of which are lecithin, a phosphorised fat; 
cholesterin, a monatomic alcohol ; and inorganic salts, 
especially phosphates and chlorides of calcium, sodium, and 
potassium. 

The large quantity of water present should be particularly 
noted ; the student when first shown diagrams of the reticulum 
in protoplasm is apt to imagine that it consists of a firm solid, 
like a system of wires pervading a jelly. The reticulum is only 
slightly more solid than the hyaloplasm. 

The Nucleus. 

In form the nucleus is generally round or oval, but it may 
have in some cases an irregular shape, and in other cases there 
may be more than one nucleus in a cell. 
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The nucleus exercises a controlling influence over the 
nutrition and subdivision of the cell; any portion of a cell 
cut off from the nucleus undergoes degenerative changes. 

A nucleus consists of four parts— 

1. The nuclear memhrare , which encloses it. 

2. A network of fibres in appearance like the spongioplasm 
of the protoplasm but on a larger scale; that is to say, 
the threads of which it is composed are much coarser and 
much more readily seen. The name dhromoplasm has been 
given to this network. 

3. The nuclear saj? or matrix, a more fluid, and homogeneous > 
substance which occupies the interstices of the spongework | 
of chromoplasm. 

4. Nucleoli: these are of two principal varieties ; some are 
knots or thickened portions of the network and others, the 
true nucleoli, float freely in the nuclear sap. 

These four parts of the nucleus are represented in the next 
diagram. 



rig. 7.—The resting nucleus—diagrammatic. (Wuldeyer.) 


The next figure gives a view of the nucleus, according to the 
researches of Ilabl. He considers that the fibres of the. network 
may be divided into thick fibres which he terms primary, and 
thinner connecting branches which he terms secondary (shown 
only on the right-hand side of the figure). This observer also 
supposes that the primary fibres have the looped arrangement 
depicted in the diagram. 

In the investigation of microscopic objects, a histologist is 
nearly always obliged to use staining agents; the extremely thin 
objects he examines are so transparent that, without such stains, 
much of the structure would be invisible. If such dyes as 
hsematoxylin or safranin are employed, it is the nucleus which 
becomes most deeply stained, and thus stands out on the lighter 
background of the protoplasm. 



CH. II.] 


II 


THE NUCLEUS.. 

But the whole nucleus does not stain equally deeply ; it is the 
chromoplasmic filaments and the nucleoli which have most 
affinity for the stain, while the nuclear membrane and the 
nuclear sap are comparatively unaffected. Hence the terms 
chromatin and achromatin 
originally introduced by 
Fleming. The network 
and the nucleoli are com¬ 
posed of chromatic sub¬ 
stance or chromatin ; it is 
so called not because it 
has any colour in the 
natural state, but because 
it has the affinity for 
colours artificially added to 
it. For a corresponding 
reason, achromatin or achromatic substance is the name given to 
the substances which make up the nuclear membrane and nuclear 
sap. 

To these general facts one or two details may be added. Balbiani first 
showed that the chromoplasmic filaments are apparently transversely marked 
into alternate dark and light bands ; this is due to the existence of minute 
highly refracting particles imbedded in regular series in a 
clear homogeneous and unstainable matrix (see fig. 9). 

The term chromatin should properly be restricted to these 
particles. 

Coming next to the chemical composition of the 
nucleus, it is found to consist principally of prqteid 
and proteid-like substances. The nuclei of cells 
may be obtained by subjecting the cells to the 
action of artificial gastric juice; the protoplasm is 
nearly entirely dissolved, but the nuclei resist the 
solvent action of the juice. No doubt the nuclei 
contain several chemical compounds, but the only 
one of which we have any accurate knowledge has 
been termed nuclein, and this is apparently identical 
with the substance called chromatin by histologists. 

It is soluble in alkalis, but precipitated by acids; 
it is different from a proteid, as it contains in addition to carbon, 
nitrogen, oxygen, hydrogen and sulphur, an enormous quantity 
(7 to 8 per cent, or even more) of phosphorus in its molecule. 
In many cases nucleins contain iron also. 



—Part of 
a chxomo- 
plasmic fila¬ 
ment, greatly 
magnified. 

(Camoy.) 



I'ig. 8.—Diagram of nucleus showing the arrange¬ 
ment of chief chromatic filaments. Viewed 
from the side, the polar end being uppermost. 
)!■<■/., primary chromatic filaments; n., nu¬ 
cleolus; node of meshwork. (Rabl.) 
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The Attraction Sphere. 

Recent research has shown that, in addition to the nucleus and 
protoplasm, most if not all living cells contain another structure ; 
it is an extremely minute particle which has been called the 
“ attraction sphere,” because it has an apparently attractive 
influence on the protoplasmic granules which radiate around it. 



Pig. 10.—A coll white blood-cor¬ 
puscle showing its attraction 
sphere. In this os in most 
cases, the attraction sphere lies 
near the nucleus. (Schafer.) 



Pig. 11.—Ovum of the worm 
Asoaris, showing a twin attrac¬ 
tion sphere. The nucleus with 
its contorted filament of cliro- 
moplasm is represented, but 
the protoplasm of the cell is 
not filled m. (V. Beneden.) 


It is most prominent in embryonic cells, and in cells tvhich are 
dividing or about to divide. Here it becomes double, and it is 
probable that the attraction sphere takes the lead in cell division, 
the nucleus and the cell-protoplasm then following suit. 


Protoplasmic Movement. 

A cell possesses the power of breathing, that is, taking in 
oxygen; of nutrition, of building itself up from food materials; 
and of excretion, or the getting rid Of waste material. But the 
most obvious physiological characteristic of a cell is its power of 
movement. 

When an amoeba is observed with a high power of the 
microscope, it is found to consist of an irregular mass of proto¬ 
plasm containing one or more nuclei, the protoplasm itself being 
more or loss granular and vacuolated. If watched for a minute 
or two, an irregular projection is seen to be gradually thrust out 
from the main body and retracted ; a second mass is then pro¬ 
truded iu another direction, and gradually the whole protoplasmic 
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substance is, as it were, drawn into it. The Amoeba thus comes 
to occupy a new position, and when this is repeated several times 
we have locomotion in a definite direction, together with a 
continual change of form. These movements, when observed in 
other cells, such as the colour¬ 
less blood-corpuscles of higher 
animals (fig. 13), in the branched 
cornea cells of the frog and else¬ 
where, are hence termed avion- ’• 
ho id. The projections which are 
alternately protruded and re¬ 



tracted are called jMeyslajiod.ia. Fig. 12.—Amoobm. 

A streaming movement is not 

infrequently seen in certain of the protozoa, in which the mass 
of protoplasm extends long and fine processes, themselves very 



Fig. 13.—Human colourless blond-corpuscle, showing its successive changes of outline 
within ton minutes when kept moist on a warm stage. (Schofield.) 


little moveable, but upon the surface of which freely-moving or 
streaming grauules are seen. % A gliding movement; has also been 



Fig. 14.— -(a.) Young vegetable cells, showing cell-cavity entirely filled with granular 
protoplasm enclosing a large oval nucleus, with one or more nucleoli. 

(b.) Older cells from same plant, showing distinct cellulose-wall and vacuola- 
tion of protoplasm. 


noticed in certain animal cells ; the motile part of the cell being 
composed of protoplasm bounding a central and more compact 
mass. By means of the free movement of this layer, the cell 
may be observed to move along. 

In vegetable cells the protoplasmic movement can be well seen 
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in the hairs of the stinging-nettle and Tradescantia and the cells 
of Yallisneria and Chara; it is marked by the movement of the 
granules nearly always imbedded in it. For example, if part of a 
hair of Tradescantia (fig. 15) be viewed under a high magnifying 
power, streams of protoplasm containing crowds of granules 
hurrying along, like the foot-passengers in a busy street, are seen 
flowing steadily in definite directions, some coursing round the 
film which lines the interior of the cell-wall, and others flowing 
towards or away from the irregular mass in the centre of the 
cell-cavity. Many of these streams of protoplasm run together 
into larger ones and are lost in the central mass, and thus ceaseless 
variations of form are produced. The movement of the proto¬ 
plasmic granules to or from 
the periphery is sometimes 
called vegetable circulation, 
whereas the movement of 
the protoplasm round the 
interior of the cell is called 
rotation. 

The first account of the 
movement of protoplasm 
was given by Rosel in 1755, 
as occurring in a small 
Proteus, probably a large 
freshwater amoeba. His 
description was followed 
twenty years later by Corti’s 
demonstration of the rota¬ 
tion of the cell sap in characete, and in the earlier part of the century 
by Meyer in Yallisneria, 1827 ; Robert Brown, 1831, in “ Staminal 
Hairs of Tradescantia.” Then came Dujardin’s description of the 
granular streaming in the pseudopodia of Rhizopods and move¬ 
ment in other cells of animal protoplasm (Planarian eggs, v. 
Sicbold, 1841 ; colourless blood-corpuscles, Wharton Jones, 1846). 

There is no doubt that the protoplasmic movement is essentially 
the same thing in both animal and vegetable cells. But in 
vegetable cells, the cell-wall obliges the movement to occur in the 
interior, while in the naked animal cells the movement results in 
an external change of form. 

Although the movements of amoeboid cells may be loosely 
described as spontaneous, yet they are produced and increased 
under the action of external agencies which excite them, and are 
therefore called stimuli, and If the movement has ceased for the 
time, as is the case if the temperature is lowered beyond a certain 



Fig. is.—Cell of Tradescantia drawn at successive 
interval* of two minutes.—The cell-contents 
consist of a central mass connected by many 
irregular processes to a l>eripheral film, the 
whole forming a vacuolated mass of proto¬ 
plasm, which is continually changing its 
shape. (Schofield.) 
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point, movement may be set up by raising the temperature. 
Again, contact with foreign bodies, gentle pressure, certain salts, 
and electricity, produce or increase the movement in the amoeba. 
The protoplasm is, therefore, sensitive or irritable to stimuli, 
and shows its irritability by movement or contraction of its 


The effects of some of these stimuli may be thus further 

detailed :— . 

a Cfiances of temperature .—Moderate heat acts as a stimulant. 

the’movement stops below o° C. (32° F.), and above 4 °° C. 
(104° F.) ; between these two points 
the movements increase in activity ; 
the optimum temperature is about 
37 0 to 38° C. Though exposure tcj 
a temperature even below o° C. stops 
the movement of protoplasm, it! 
does not prevent its reappearance itfj 
the temperature is raised ; on the 
other hand, prolonged exposure to a 
temperature of over 40° C. altogether 
kills the protoplasm and causes it 
to enter into a condition of coagula¬ 
tion or heat ri<jor. We have already 
seen that proteids, the most abun¬ 
dant constituents of protoplasm, are 
coagulated by heat. 

h. Chemical stimuli. — Distilled 
water first stimulates then stops 
amoeboid movement, for by imbibi¬ 
tion it causes great swelling and 



Fig. 16.—Cells from the stamina! hairs 
of Tradoscantia. A , fresh in water; 
B, the same cell after slight electri¬ 
cal stimulation ; a, b, region stimu¬ 
lation ; c, < 1 , clumps and nobs of 
contracted protoplasm. (Kiihne.) 


finally bursting of the cells. In 
some cases, however (myxomycetes), 
protoplasm can be almost entirely 

dried up, but remains capable of renewing its movement when 
again moistened. Dilute salt-solution and very dilute alkalis 
stimulate the movements temporarily. Acids or strong alkalies 
permanently stop the movements: ether, chloroforifi, veratrine and 
quinine also stop it for a time. . 

Movement is suspended in an atmosphere of hydrogen or 
carbonic acid and resumed on the admission of air or oxygen ; 
complete withdrawal of oxygen will after a time kill protoplasm. 

c. Electrical .—Weak currents stimulate the movement, while 
strong currents cause the cells to assume a spherical form and to 
become motionless. 
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The amteboid movements of the colourless. corpuscles of the 
blood may be readily seen when a drop of blood from the finger 
is mixed with salt solution, and examined on a warm stage with 
the microscope. If the pseudopodium of such a corpuscle is 
observed under a high power, it will be seen to consist of hyalo¬ 
plasm, which has flowed out of its spongy home, the reticulum. 

Later, however, a portion of the reticular 
part of the protoplasm may enter the 
pseudopodium. The cells may be fixed 
by a jet of steam allowed to play for a 
moment on the surface of the cover glass. 
The next figure illustrates one fixed in 
this way. 

The essential act in the protrusion of a 
pseudopodium is the flowing of the hyalo¬ 
plasm out of the spongioplasm ; the retrac¬ 
tion of the pseudopodium is a return of 
the hyaloplasm to the spongioplasm. The 
spongioplasm has an irregular arrangement 
with openings in all directions, so that the contractility of un¬ 
differentiated cells may exhibit itself towards any point of the 
compass. 



tig'. 17.—An Amottboicl c.or- 
puacle of the newt killed 
by instontnneouH appli¬ 
cation of steam, showing 
the appearance of the 
pseudopodin. (After 1 ). 
Gunn, (luain’s Ana¬ 
tomy.) 


Cell Division. 

A cell multiplies by dividing into two ; each remains awhile in 
the resting or non-dividing condition, but later it grows and sub¬ 
divides, and the process may be repeated indefinitely. 

The supreme importance of the coll, the growth of the body from 
cells, and the fact that cells are the living units of the organism, 
were first established in the vegetable w'orld by Sclileiden, and 
extended to the animal kingdom by Theodor Schwann. The ideas 
of physiologists depending on this idea arc grouped together as 
cellular physiology, which under the guidance of Virchow was 
extended to pathology also: Virchow expressed the doctrine now 
so familiar as to be almost a truism in the terse phrase omnis 
cellula a cellula (every cell from a cell). 

The division of a cell is preceded by division of its nucleus. 
Nuolear division may be either (i) simple or direct, which consists 
in the simple exact division of the nucIeusTnfoTwo equaT parts 
by constriction in the centre, which may have been preceded by 
division of the nucleoli ; or (2) indirect, which consists in a series 
of changes which goes on in the arrangement of the nuclear 
reticulum, resulting in the exact division of the chromatic fibres 
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into two parts, which form the chromoplasm of the daughter 
nuclei. 

The changes in the nucleus during indirect division constitute 
karyokinesis ( napvov , a kernel), or mitosis (jjlltos, a thread), and 
direct division is called amitotic or akinetic (klvtjo-is, movement). 
It is now believed that the mitotic nuclear division is all but, though 
not quite, universal. Somewhat different accounts of the stages 
of the nuclear division have been given by different authorities, 
according to the kind of cell in which the nuclear changes have 
been studied. The following will summarise the stages of karyo- 
kinesis as observed by Klein :— 

t The nucleus in a resting condition, i.e., before any changes pre- 



Fig. iK.—Karyokinesiti. a, ordinary nucleus of a columnar epithelial coll a, <-, the same 
nucleus in the stage of convolution ; r>, the wreath nr rosette, form ; ic, the aster, or single 
star; k, a nuclear spindle from the TX'scemet's endothelium of the frog's cornea; 
<1, ii, i, diaster ; k, two daughter nuclei. (Klein.) 

ceding division occur, consists of a very close meshwork of fibrils, 
which stain deeply with carmine, embedded in a matrix, which 
does not possess this property, the whole nucleus beingNiontained 
in an envelope. The first change consists of a slight enlargement, 
the disappearance of the envelope and the increased definition and 
thickness of the nuclear fibrils, which are also more separated 
than they were, and stain better. This is the stage of convolution 
(fig. 18, b, c). The next step in the process is the arrangement 
of the fibrils into some definite figure by an alternate looping in 
and out around a central space, by which means the ros ett e or 
}, l T ea ^ t stage (fig. 18, i>) is reached. The loops of the rosette 
next become divided at the periphery and their central points 
become more angular, so that the fibrils divided into portions of 
about equal length, are doubled at an acute angle, and radiate 
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in a V-shaped manner from the centre, forming a st ar (aster) 
(fig. 1 8 , e), and later from two centres, in which case a double 
star (diaster) results (fig. 18, G, H, and i). After remaining 
almost unchanged for some time, the V-shaped fibres being first 
re-arranged in the centra, side by side (angle outwards), split 
longitudinally and separate into two bundles which gradually 
assume position at either pole. From these groups of fibrils the 
two nuclei of the new cells are formed (daughter nuclei) 
(fig. 1 8 , k), and the changes they pass through before reaching 
the resting condition are exactly those through which the original 
nucleus (mother nucleus) has gone, but in a reverse order, viz., 
the star, the rosette, and the convolution. During or shortly 
after the formation of the daughter nuclei the cell itself becomes 
constricted and then divides in a line about midway between 
them. 

The changes as described are those which are most obvious ; 
but they take little account of the formation of the spindle seen 
in fig. 18, f, nor of the part played by the attraction sphere (see 
p. 12). 

The work of Waldeyer, liabl, and others has shown that a 
more exact description is the following. 

The process may be divided into the following stages:— 

r. The non-dividing nucleus (fig. 19). 



Fig. 19.—The resting nucleus. (Waldeyer.) 


2. The spirem or skein stage: the nucleoli dissolve, the 
secondary fibres disappear, and the primary loops running 

, from polar to anti-polar regions remain (figs. 8, 20). 

3. Each loop becomes less convoluted and splits longitudinally 
into two sister threads, and the achromatic spindle appears 
(fig. 21, a and b). 

4. The equatorial stage ; monaster. The nucleus has now two 
poles, those of the spindle ; and at each pole there is a polar 
corpuscle. Much speculation has taken place in regard to the 
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origin of the polar corpuscles; there can, however, now he 
but little doubt that they do not originate from the nucleus, 
but from the attraction sphere. The division of the attrac¬ 
tion sphere into two precedes the commencement of changes 
in the nucleus ; the two attraction spheres become prominent 
in cell division, and the connecting achromatic spindle is 
probably also formed from them. 

Kir. -Early rendition of the skein stag.! viewed at the polar end. 1 . c. /., looped 
'■Imimatie flltt ment. 1. irregular filament. (Rabl.) 


Achromatic spindle 


Pi?, 21 .—Later condition of the skein stare in karyokinesis. a. The thicker primary fibres 
become less convoluted and the achromatic spindle appears, it. The thick fibres split 
into two and the achromatic spindle becomes longitudinal. (AValdeyer.l 

Pole of spindle. 

Outer granular 
zone. 

Split fibres. 

— Inner clear zone. 

Polar corpuscle. 


Fig. az.—Monaster stage of karyokinesis. (Waldeyer.) 

At this stage the nuclear membrane is lost, and thus cell 
protoplasm and nuclear sap become continuous; the protoplasm 
immediately around the nucleus is clear; outside this is a granu- 

c 2 
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lar zone, and here the granules are arranged radially from the 
polar corpuscles. The star-like arrangement of these granules is 


Polar oirdu 



Fig. 23. --Ovum of the worm Asearin in process of division. The attraction spheres art? at 
opposite ends of the ovum; at the equator of the spindle which unites them, four 
chromosomes are seen. The protoplasm of the ovum, except in the equatorial zone of 
the cell, is arranged in lines radiating from the centre (central particle) of the attraction 
sphere. (Waldeyer.) 


much better marked in embryonic cells, indeed the lines present 
very much the appearance of fibrils (see fig. 23). 

The V-shaped chromoplasmio fibres or chromosomes sink to the 
equator of the spindle, and arrange themselves so as to stick out 
horizontally from it. 



B 




Fig. 24. Metakinesis. a. Early stage, n. Later stage. < . Latest stage—formation of 
diaster. h. and c. show how the sister threads disentangle themselves from one 
another. (Waldeyer.) . 


5. The stage of metakinesis. The sister threads separate, one 
set going towards one pole, and the other to the other pole 

• of the spindle (fig. 24) : these form the two daughter nuclei. 

6. Each daughter nucleus goes backwards through the same 
series of changes ; the diaster or double star is followed by 
the dispirenx or double skein, until at last two resting nuclei 
are obtained (fig. 25). 

A new membrane forms around each daughter nucleus, 
the spindle atrophies, and the attraction sphere becomes less 
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prominent. The division of the cell protoplasm into two 
parts around the two nuclei begins in the diaster stage, and 
is complete in the stage repiesented in hg. 25* 

The karyokinetic process has been watched in all its stages by 
more than one observer. The time occupied varies from half an 
hour to three hours ; the details, however, must be studied in 
hardened and appropriately stained specimens. They are most 
readily seen in cells with large nuclei, such as occur in the epi¬ 
dermis of amphibians. 

The process varies a good deal in different animal and vegetable 
cells ; such as in the number of chromosomes, and the relative 


Lim' of separation ut ;li-' 
two rolls. 

Antipole of daughter 
nmleus. 



Lem 1 tins of spindle. 


Lighter substance of the 

nucleus. 

Cell protoplasm. 


Hilus. 


Fig. 25. —Final stages of karyokinesis. Xu the lower daughter nucleus the changes are 
still more advanced than in the upper. (Wuldeyer.) 


importance of tne different stages. All attempted here has been 
to give an account of a typical case. The phases may be sum¬ 
marised in a tabular way as follows (from Quain’s Anatomy) :— 


Network ok Reticulum . . 

Skein or spirem. 

Cleavage . 

Star or .Monaster . . . . 

Divergence or Metakinesis 

Double Star or Diaster . . 

Double skein or Dispirem . 
Network or Reticulum . . 


. 1. Besting condition of mother nucleus 

(fig. 19). 

: 2 . Close skein of fine convoluted fila- 
) merits (fig. 20). 

' i A. Open skein of thicker filaments. 
'. Spindle appears (fig. 21 A). 

. 4 . Movement of V-shaped chromo¬ 
somes to middle of nucleus, and 
each splits into two sister threads 
(fig. 21 B). 

. 5 . Stellate arrangement of V fila¬ 

ments at equator of spindle (fig. 
22). 

<i. Separation of cleft filaments and 
movement along fibres of spindle 
(fig. 24 A and b). 

. 7 . Conveyance of V filaments towards 

poles of spindle (fig. 24 0). 

^ 8. Open skein in daughter nuclei. 

. ■ y. Close skein in daughter nuclei (fig. 
I 25). 

. 10 . Resting condition of daughter 
nuclei (fig. 25). 
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The Ovum. 


The ovary is an organ which produces ova. 

An ovum is a simple animal cell ; its parts are seen in the next 
diagram. 

It is enclosed in a membrane called the zona pellucida or vitelline 
membrane. The body of the cell is composed of protoplasm loaded 



-Xurlt'iis nr m'i7iiin:il ' etude. 

--Xucli'olu> or genniniil spot. 

—-Sp.'icc 1. It lij leliiiftion of 

protupl.'isni. 


rrol.iphism rontaining yolk 
sjlln'iuh'-i. 


LJ... 


-y*- -—-Vi!««liiin» liicmluuiu*. 


Fig. 26.—Representation of a human ovum. (Cadiat.) 


with granules of food material, and often called the yolk or vitellus. 
The nucleus and nucleolus are sometimes still called by their old 
names, <te rmi nal vesicle and (terminal sjiot respectively. 

The formation of ova will form the subject of a chapter later 
on, but it is convenient here at the outset to state briefly one or 
two facts, and introduce to the student a few terms which we 
shall have to employ frequently in the intervening chapters. 

The ovum first discharges from its interior a portion of its 
nucleus, which forms two little globules upon it called the polar 
globules. 

Fertilisation then occurs; that is to say, the head or nucleus 
of a male cell called a spermatozoon penetrates into the ovum, 
and becomes fused with the remains of the female nucleus. 

Cell divisiou or segmentation then begins, and the early stages 
are represented in the next figure. 

Fluid discharged from the cells accumulates within the interior 
of the mulberry mass seen in fig. 27, d, and later, if a section is 
cut‘through it, the cells will be found arranged in three layers. 

The outermost layer is called the epiblast. 

The middle layer is called the mesoblast. 

The innermost layer is called the hypoblast. 

From these three layers the growth of the rest of the body 
occurs, nutritive material being derived from the mother ill 
mammals by means of an organ called the placenta. 
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The epiblast, the outermost layer of the embryo, forms the 
epidermis, the outermost layer of the adult. It also forms the 
nervous system. 

The hypoblast, the innermost layer of the embryo, forms the 
lining epithelium of the alimentary an<* respiratory tracts, that is, 
the innermost layer of the adult. It also forms the cellular 
elements in the large digestive glands, such as the liver and 



Fig. 27.—Diagram of an ovum {") undergoing segmentation. In (M it has divided into two, 
in (c) into four; and in (d) the process has resulted in the production of the so-called 
“ mulberry-mass. ” (Frey.) 


pancreas, which are originally, like the lungs, outgrowths from the 
primitive digestive tube. 

The viesoblast forms the remainder, that is, the great bulk of 
the body, including the muscular, osseous and other connective 
tissues; the cireulatoiy and urino-genital systems. 


CHAPTER Ill. 

EPITHELIUM. 

In the introductory chapter will be found a list of the 
elementary tissues of which the organs of the body are built up. 
These may be arranged into the four groups, e pithel ial, connec¬ 
tive, muscul ar , an d nervous. The first of these, the~epithelial 
tissues, follows naturally on a study of the animal cell, as an 
epithelium may be defined as a tissue composed entirely of cells 
united by a minimal amount of cementing material. As a .rule, 
an epithelium is spread out as a membrane covering a surface or 
lining the cavity of a hollow organ. 

These epithelia may be grouped into two great classes, each of 
which may be again subdivided according to the shape and 
arrangement of the cells of which it is composed. The following 
table gives the principal varieties :— 
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. * “ 

1%. 29.—Abdominal surface of central tendon of the diaphragm of rabbit, showing the 
general polygonal shape of the endothelial cells; each cell is nucleated, x ?oo. 
(Klein.) 

sisting of more than one layer of cells. Its subgroups are as 
follows:— 

a. Transitional epithelium. 

b. Stratified epithelium. 
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This classification does not include the more specialised forms 



Fig. ;o.—Peritoneal surface of a portion of the septum of the great lymph-sacs of frog. 
The stomata, some of which are open, some collapsed, are well shown, x i6o. 
. Klein.) 


nor structures like hair, and enamel of tooth, which are epithelial 
in origin. These will he considered in their proper place later on. 



Fig. }i.—A portion of the great omentum of dog, which shows, amongst the flat endo¬ 
thelium of the surface, small and large groups of germinating endothelium, between 
which are many stomata, x 300. (Klein.) 

We shall for the present be content to study those already 
enumerated, and take them one by one. 


2 6 


EPITHELIUM. 


rcH. in. 


Pavement Epithelium. 


This consists .of a. layer of J^ya»lL§j^P‘auged like flat pavem.gi.it- 
stones accurately fitting together and united by a small amount 
of ce menting. m aterial. The structure of the cells and their 
outlines may be best demonstrated by a process of double 



Fig. 32. —Surface view of an arteiy from 
the mesentery of a frog, ensheathed 
in a peri-vascular lymphatic vessel. 
rt. The artery, with its circular mus¬ 
cular coat (medial indicated by broad 
transverse markings, with an indica¬ 
tion of the adventitia outside. 
1. Lymphatic vessel; its wall is a 
simple endothelial membrane. (Klein 
and Noble Smith.) 


staining; one stain, silver nitrate, 
to show the cementing material, 
and another, like logwood, to 
show up the nuclei of the cells. 

A portion of the fresh tissue 
is taken and immersed for a few 
minutes in a 1 per cent, solution 
of nitrate of silver; it is taken 
out, washed with distilled water, 
and exposed in water or spirit to 
sunlight. The silver forms a com¬ 
pound with the cement, which 
in the light is decomposed or re¬ 
duced, leading to a fine deposit 
of silver, showing as black or 
brown lines between tlie cells, and 
accurately defining their outlines. 
The preparation may then be 
immersed in some stain like log¬ 
wood to bring out the nuclei, and 
finally mounted in the usual way. 
The details of histological work 
can only be properly learnt in a 
practical class. 

Fig. 28 shows the appearance 
presented in a preparation of 
lung. Injthe alveoli or air-cells 
of the lung pavement epithelium 


of a typical kind is found form¬ 
ing a lining membrane. 

‘Endothelium. —Epithelium of similar appearance is found 
lining the interior of the whole of the vascular system, heart, 
arteries, capillaries, veins, and lymphatics, and in the adjuncts of 
the circulatory system called the serous membranes (pericardium, 
peritoneum, etc.). 

Tin# epithelium is formed from the middle layer of th e em brvo, 
the mesfiblast; most other epithelium is derTved'either from. 
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epiblast ochypoblast... Hence it. has received a distinct name, 
viz. : endothelium. 

The general appearance presented by endothelium in serous 
membranes is shown in figs. 29, 30, aiid 31 ; in blood-vessels in 
fig- 3 2 - 

The stomata seen in some of the drawings are minute openings 
surrounded by more darkly staining cells, which lead from serous 
cavities into lymphatic vessels. 


Cubical, Spheroidal, and Columnar Epithelium. 

In these forms of epithelium, the cells are not flat, but gre 
thick ; if they approximate cubes or spheres in shape, the epi¬ 
thelium is called cubical or spheroidal respectively. Spheroidal 
epithelium is fou nd in the alveoli of secreting glands, such as the 
salivary glands, liver, and pancreas (see figs.' 33 and 34), and will 




ig. 3.1-—Glandular epithelium. Small lobule of a Fig. 34.—A small piece of the liver 

mucous gland of the tongue, showing nucleated of the home. (Cadiat.) 

glandular Cells, x 200. (V. D. Harris.) 

be discussed at length in connection with those organs. Cubical 
epithelium is found in the alveo li of...the thyroid (see fig. 35), in 
the tubules of the testis, and in the ducts of some glanda. 

In columnar epithelium the cells are tall, and form a kind of 
palisade or rows of columns. It is fouipl lining the interior* of 
the stomach and intestines, and the ducts of the majority of 
secreting glands; it forms also the layer on the outer surface 
of the ovary. 

In the intestinal epithelium each cell has a distinct brightly 
refracting and striated border. Fig. 36 shows two isolated cells 
of this kind. 
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The nucleus with its usual network and the vacuolated con¬ 
ditions of the protoplasm are very well seen. The attached border 
is narrower than the free edge. Amceboid lymph cells are found 



in the spaces that must necessarily be left when cells of such 
a shape cover a surface. Fig. 37 shows a row of columnar cells 
from the rabbit’s intestine. 

The next figure (fig. 38) shows the arrangement of these cells 



1. 


l-'if?'- 36.— Columnar epithelium cells of the rabbit’s intestines. The cells have been isolated 
after maceration in very weak chromic acid. The cells are much vacuolated, and one 
of them has a fat globule near its attached end. The striated border is well 
seen, and the bright disc separating it from the cell protoplasm, n, nucleus with 
intranuclear network. «, a thinned out winglike projection of the cell which probabiy 
fitted between two adjacent cells. (Schafer.) 


on the surface of a villus, one of the numerous little projections 
found in the small intestine. 
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The gaps seen there are due to the formation of what are 
called goblet cells. In some of the columnar cells, a formation 



Fig. J7.—A row of columnar cells from the rabbit’s intestine. Smaller cells are seen 
between the epithelium cells ; these arc lymph-corpuscles. (Schafer.) 

of granules occurs which consist of a substance called mucigcn ; 
these run together, and are discharged from the cell as a brightly 



Fig. (8.—Vertical section of an intestinal villus of a cat. a, the striated basilar border of 
the epithelium ; b, columnar epithelium; c, goblet cells; </, central lymph-vessel; <. 
unstriped muscular fibres; /, adenoid stroma of the villus in which ure contained 
lymph-corpuscles. (Klein.) 


refracting globule of mucin, leaving the cell with open mouth like 



Fig. 39.—Goblet cells. (Klein.) 


a goblet, the nucleus being surrounded by the remains of the 
protoplasm in its narrow stem (see fig. 39). 
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This transformation is a normal process continually going on 
throughout life, the discharged mucin contributing to form muctis. 
The cells themselves may recover their original shape after dis¬ 
charge, and repeat the process later on. 


Ciliated Epithelium. 


The cells of ciliated epithelium are„jrenerall y of columnar 
(^S* 4°); but they may occasionally be spheroidal (fig. 41). 



Fig. 40.—Ciliated epithelium from the human 
trachea. Large fully formed cell, h, 
shorter cell, r, developing - cells with more 
than one nucleus. (Cadiat.) 


Fig. 41.—Spheroidal ciliated 
cells from the mouth of 
the frog, x 300 diame¬ 
ters. (Sharpey.) 


Ea ch cell is surmo unted by a bunch of fine tapering filaments. 
They tvere originally called cilia because of their resemblance in 



Fig. 42.—Ciliated epithelium of the human trachea. «, layer of longitudinally arranged 
elastic fibres; ?>, basement membrane; c, deepest cells, circular in form; d, inter¬ 
mediate elongated cells; e, outermost layer of cells fully developed and bearing cilia. 
X 350. (Kofiikcr.) 


shape to eyelashes. They differ from eyelashes in being 
extremely small, and in not being stiff; they are in fact composed 
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of protoplasm. During life these move to and fro, and so produce 
a current of fluid over the surface they cover. Like columnar 
cells, they may form goblet cells and discharge 
mucus. 

In the larger ciliated cells, it will Jie seen 
that the border on which the cilia are set 
is bright, and composed of little knobs, to 
each of which a cilium is attached; in some 
cases the knobs are prolonged into the cell pro¬ 
toplasm as filaments or rootlets (fig. 43). 

The bunch of cilia is homologous with the 
striated border of columnar cells. 

Ciliated epithelium is found in the human 
body, (1) lining..thfi„air passages, but not in the 
alveoli of the lungs; these are lined by pave-** 
ment epithelium; (2) in the Fallopian tubes 
and upper part of the uterus; (3) in the ducts 
of the testis known as the vasa efferentia and 
coni vasculosi; here the cilia are the longest 
found in the body ; (4) in the ventricles of the 
brain and central canal of the spinal cord; 

(5) in the convoluted tubules of the kidney in 
some animals; (6) the tail of a spermatozoon 
may also be regarded as a long cilium. 

I11 other animals cilia are found in other 
parts ; for instance, in the frog the mouth and 
gullet are lined by ciliated cells; in the tad¬ 
pole, the whole surface of the body and especially 
the gills are covered with cilia. Among the 
intervertebrates one finds many protozoa com¬ 
pletely covered with cilia; in many embryos 
the cilia are arranged in definite bands round 
the body ; in the rotifers or wheel animalcules, 
a ring of cilia round the mouth gives the name 
to this particular group. The gills of many animals are covered 
with cilia. 


ig. 43. — Ciliated 
cell from the intes¬ 
tine of a mollusc. 
(Engel mann.) 


Ciliary Motion. 

Ciliary motion reminds one of amoeboid movement, but it is 
much more rapid, and more orderly. It consists of a rhythmical 
movement of the cilia, a bending over, followed by a lessening pf 
the curvature repeated with great frequency. 

When living ciliated epithelium, e.g., from the gill of a mussel, 
or from the mouth of the frog, is examined under the microscope 
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in a drop of o - 6 per cent, solution of common salt (normal saline 
solution), the cilia are seen to be in constant rapid motion, each 
eilium being fixed at one end, and swinging or lashing to and 
fro. The general impression given to the eye of the observer 
is very similar to that produced by waves in a field of coni, or 
swiftly running and rippling water, and the result of their move¬ 
ment is to produce a continuous current in a definite direction, 
and this direction is the same on the same surface, being usually 
in the case of a cavity towards the external orifice. 

There is not only rhythmicality in the movement of a single 
eilium, but each acts in harmony with its fellows in the same 
cell, and on neighbouring cells. 

The uses of cilia can from the above be almost guessed ; in 
the respiratory passages they create a current of mucus with 
entangled dust^owards the throat; in the Fallopian tube or 
oviduct they assist the ovum on its way to the uterus ; in the 
gullet of the frog they act downwards aud assist swallowing ; in 
the ciliated protozoa they are locomotive organs. Over the 
gills of marine animals they keep up a fresh supply of water, 
and in the case of the rotifers, which are fixed animals, the current 
of water brings food to the mouth. 

Ciliary motion is independent of the will, of the direct influence 
of the nervous system, and of muscular contraction. It may 
continue for several hours after death or removal from the body, 
provided the portion of tissue under examination be kept moist. 
Its independence of the nervous system is shown also in its 
occurrence in the lowest invertebrate animals which are un¬ 
provided with anything analogous to a nervous system, in its 
persistence in animals killed by prussic acid, by narcotic or 
other poisons, and after the direct application of narcotics, such 
as morphia, opium, and belladonna, to the ciliary surface, or of 
electricity through it. The vapour of chloroform arrests the 
motion, but it is renewed on the discontinuance of the applica¬ 
tion. The movement ceases when tho cilia %re deprived of 
oxygen, although it may continue for a time in the absence of 
tree oxygen, but is revived on the admission of this gas. Car¬ 
bonic acid stops the movement. The contact of various sub¬ 
stances, e.g., bile, strong acids, and alkalis, will stop the motion 
altogether; but this seems to depend chiefly on destruction of 
the delicate substance of which the cilia are composed. Tem¬ 
peratures above 45 0 C. and below o° C. stop the moven^pt, 
whereas moderate heat and dilute alkalis are favourable to the 
action and revive the movement after temporary cessation. The 
exact explanation of ciliary movement is not known; whatever 
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may be the exact cause, however, at any rate the movement must 
depend upon some changes going on in the cell to which the cilia 
are attached, as when the latter are cut oft’ from the cell the 
movement ceases, and when severed so that a portion of the cilia 
are left attached to the cell, the attached and not the severed 
portions continue the movement. The most probable cause o f 
the movement is that it is part of the inherent power which 
protoplasm possesses, and that the cilia are but prolongations 
of the spongioplasm of the cell. It has been suggested by 
Kngelmann that if this be the ease, the contractile part of the 
protoplasm is only on the concave side of a curved cilium, and 
that when this contracts that the cilium is brought downwards ; 
where relaxation occurs, the cilium rebounds by the elastic recoil 
of the convex border. 

Schafer has suggested that the flow of hyalogjasm backwards 
;uid forwards will explain ciliary as it will amoeboid movement. 
In an anxeboid cell, the spongioplasm is irregular in arrange¬ 
ment, hence an outflow of hyaloplasm from it can occur in any 
direction. But in the curved projection called a cilium, the 
hyaloplasm can obviously flow in only one direction into the 
cilium and back again. The flow of more hyaloplasm into the 
spongioplasm of the cilium will cause it to straighten, the flow 
of the hyaloplasm back into the body of the cell will cause the 
cilium to curve. 

The action of dilute alkalis and acids on cilia is interesting. 
Dilute acids stop ciliary motion ; and cilia, if allowed to act in 
salt solution for a time, get more and more languid and finally 
cease acting ; in popular language they become fatigued. Now 
we shall find in mus cle that fatigue is largely due to the accumu¬ 
lation of the acid products of muscular activity; remove the 
sarko-lactic acid, and fatigue passes oft'. It is probable that the 
same occurs in other contractile tissues ; th e cilia g radually stop, 
due to acid products of their activ ity collecting around t.liepr j 
neutralise tkese with dilute alkali, and they resume activity. 

Transitional Epithelium. 

This term has been applied to cells which are neither arranged 
in a single layer, as is the case with simple epithelium, nor yet 
m many superimposed strata, as in stratified epithelium; in 
other words, it is employed when epithelial cells are found in two, 
three, or four superimposed layers. 

The upper layer may be either columnar, ciliated, or squa¬ 
mous. When the upper layer is columnar or ciliated the second 
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layer consists of smaller cells .fitted-into the inequalities_of the 
cells above them, as in the trachea (fig. 40). 

The epithelium which is met with lining the urinary bladd er 
an d ureters is, however, the transitional par excellence. In this 
variety there are two or«, three layers of cells, the upper being 
more or less flattened according to the full or collapsed condition 
of the organ, their under surface being marked with one or more 
depressions, into which the heads of the next layer of club-shaped 
colls fit. Between the lower and narrower parts of the second 
row of cells are fixed the irregular cells which constitute the 
third row, and in like manner sometimes a fourth row (fig. 44). 
It can bo easily understood, therefore, that if a scraping of the 
mucous membrane of the bladder be teased, and examined under 



Fig. 44.—Epithelium of the bladder, a, one 
of the cells of the first row ; b, a cell of 
the second row; c, colls in situ, of first, 
second, and deepest layer's. (Obersteiner.) 


Fig. 45.—Transitional epithelial cells 
from a scraping of the mucous 
membrane of the bladder of the 
rabbit. (V. 1 ). Hams.) 


the microscope, cells of a groat variety of forms may be made 
out (fig. 45). Each cell contains a large nucleus, and the larger 
and superficial cells often possess two. 


Stratified Epithelium. 

The term stratified epithelium is employed when the cells 
forming the epithelium are arranged in a considerable number of 
superimposed layers. The shape and size of the cells of the 
different layers, as well as the number of the layers, vary in 
different situations. Thus the superficial cells are, as a rule, of 
the squamous, or scaly variety, and the deepest of the columnar form. 

The cells of the intermediate layers are of different shapes, but 
those of the middle layers are more or less rounded. The super¬ 
ficial cells are broad and overlap by their edges (fig. 46). Their 
chemical composition is different from that of the underlying cells, 
as they contain keratin, and are therefore horny in character. 
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The nucleus is often not apparent. The really eellular nature 
of even the dry and shrivelled scales cast of!' from the surface of 


the epidermis can be proved by 
the application of caustic potash, 
which causes them rapidly to 
swell and assume their original 
form. 

The squamous cells exist in 
the greatest number of layers in 
the ep idermis o r superficial part 
of.th£_ak*H"j the most superficial 
of these are being continually 
removed by friction, and new cel 
of those cast off. 



Fig. 46. — Epithelium scales from the 
inside of the mouth. X 260. (Henle.) 

s from below supply the place 



l'’ig. 47- —Vertical section of the stratified epithelium of the rabbit’s cornea, a, Anterior 
epithelium, showing the different shapes u f the cells at various depths from the free 
surface; h, a portion of the substance of cornea. (Klein.) 

The intermediate cells approach more to the flat variety the 
nearer they are to the surface, and to the columnar as they 
approach the lowest layer. There 
may be considerable intercellular 
intervals; and in many of the 
deeper layers of epithelium in the 
mouth and skin the outline of 
the cells is very irregular,. in 
consequence of processes passing 
from cell to cell across these in¬ 
tervals. 

Such cells (fig. 48) are termed 
“ ridge and furrow,” “ cogged ” 

<>r “ prickle ” cells. These 

“prickles” are prolongations of 
the intracellular network which 
run across from cell to cell, thus joining them together, the inter¬ 
stices being filled by lymph and transparent intercellular eement- 

D 2 



Fig. 48.—Jagged cella from the middle 
layer* of atratified epithelium, from 
a vertical section of the gum of a 
new-bom infant. (Klein.) 
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substance. Wlien this increases in quantity in inflammation the 
cells are pushed further apart, and the connecting fibrils or 
“ prickles ” elongated and therefore more clearly visible. 

The columnar cells of the deepest layer are distinctly nucleated ; 
they multiply rapidly by flivision ; and as new cells are formed 
beneath, they press the older cells forwards to be in turn pressed 
forwards themselves towards the surface, gradually altering in 
shape and chemical composition until they are cast off from the 
surface. 

Stratified epithelium is found in the following situations:— 
(i) Forming the epidermis, covering the whole of the external 
surface of the body; (2) Covering the mucous membrane of the 
nose, tongue, mouth, pharynx, and (esophagus; (3) As the con¬ 
junctival epithelium, covering the cornea ; (4) Lining the vagina 
and the vaginal })art of the cervix uteri. 

Nutrition of Epithelium. 

Epithelium has no blood-vessels ; it is nourished by lym ph. 
When the blood is circulating through the thin-walled small blood¬ 
vessels in the tissues beneath the epithelium, some of its fluid 
constituents escapes. This fluid is called lymph ; it penetrates to 
all parts of the cellular elements of tissues and nourishes them. 
In the thicker varieties of epithelium, the presence of the irregular 
minute channels between the prickle cells (fig. 48) enables the 
lymph to soak more readily between the cells than it would 
otherwise be able to do. Epithelium is also destitute of nerves 
as a,rule. But in stratified epithelium, particularly that covering 
the cornea at the front of the eye and in the deeper layers of the 
epidermis, a plexus of nerve fibrils is found. 

Chemistry of Epithelium. 

There is not much to add to what has been already stated 
concerning cells ; protoplasm and nucleus have the same chemical 
composition as has been already described in Chapter II. Two 
new substances have, however, been mentioned in the foregoing 
clfepter—namely, mucin and keratin. • 

Mucin .—This is a widely distributed substance occurring in 
epithelial cells or shed out by them (see goblet cells, fig. 39). It 
also forms the chief constituent nf.-thw c on te nting —substance 
between epithelial cells. We shall again meet with it in the 
intercellular substance of the connective tissues. The mucin 
obtained from different sources varies in composition and reaction. 
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There are probably several mucins, but they all agree in the 
following points:— 

(a) Physical character : viscid and tenacious. 

(b) Precipitability from solutions by acetic acid. They all 
dissolve in dilute alkalis, like lime*water. 

(c) They are all compounds of proteid, with a carbohydrate 
called animal gum, which by treatment with dilute mineral 
acid can be hydrated into a reducing but non-fermentablo 
sugar. 

The substance mucin, when it is formed within colls (goblet 
cells, cells of mucous glands), is preceded in the cells by granules 
of a substance which is not mucin, but is readily changed into 
mucin. This precursor, or mother-substance of mucin, is called 
mweiyen or viucinoyen. 

Keratin , or horny material, is the substance found in the sur¬ 
face layers of the epidermis, in hairs, nails, hoofs, and horns. It 
is very insoluble, and chiefly differs from proteids in its high per¬ 
centage of sulphur. 

These two substances, mucin and keratin, are not proteids, though similar 
to them. They are member's of a heterogeneous group of proteid-like sub¬ 
stances which are called albuminoids, and several more members of this 
group we shall have to consider in our next chapter on the connective 
tissues. 


CHAPTER IV. 
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The connective tissues are the following:— 

1. Areolar tissue. 

2. Fibrous tissue. 

3. Elastic tissue. 

4. Adipose tissue. 

5. Retiform and lymphoid tissues. 

6. Jelly-like tissue. 

7. Cartilage. 

8. Bone and dentine. 

9. Blood. 

At first sight these numerous tissues appear to form a very 
heterogeneous group, including the most solid tissues of the body 
(bone, dentine) and the most fluid (blood). 
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But on examining a little more deeply, one finds that the 
grouping of these apparently different tissues together depends 
on a number of valid reasons, which may be briefly stated as 
follows :— 

x. They all resemble reach other in origin. All are formed 
from the mesoblast, the middle layer of the embryo. 

2. They resemble each other structurally ; that is to say, the 
cellular element is at a minimum, and the intercellular 
material at a maximum. 

3. They resemble each other functionally; they form the 

1 skeleton, and act as binding, supporting, or connecting 

tissues to the softer and more vital tissues. 

An apology is sometimes made for calling the blood a tissue, 
because one’s preconceived idea of a tissue or texture is that it 
must be something of a solid nature. But all the tissues contain 
water. Muscular tissue contains, for instance, at least three- 
<|uarters of its weight as water. Blood, after all, is not much 
more liquid than muscle. Blood, moreover, contains cellular 
elements analogous to the cells of other tissues, but separated by 
vast quantities of a fluid intercellular material called blood- 
plasma. 

Blood is also mesoblastic, and thus the two first characteristics 
of a connective tissue are present. It does not fulfil the third 
condition by contributing to the support of the body as part of 
the skeleton, but it does so in another sense, and serves to sup¬ 
port the body by conveying nutriment to all parts. 

We may now proceed to a consideration of this long list of 
tissues, one by one, in the order named. 


Areolar Tissue. 

It is convenient to take this first, as it is a very typical 
connective tissue. It has a wide distribution, and constitutes 
the subcutaneous,, -subserous, and submucous tissues. It forms 
sheaths (fascia;) for muscles, nerves, blood-veBsels, glands, and 
internal organs, binding them in position and penetrating into 
the.ir interior, supports and connects their individual parts. 

If one takes a little of the subcutaneous tissue from an animal, 
and stretches it out on a glass slide, it appears to the naked eye 
like a soft, fleecy network of fine white fibres, with here apd there 
wider fibres joining it. It is, moreover, elastic. 

But in order to make out its structure accurately it is necessary 
to examine the thinnest portions of the film with the microscope, and 
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the action of staining and other reagents may then be also studied. 
Uy such means it is seen that this typical connective tissue con- 



49.—Bundles of the white fibres of areolar tissue partly unravelled. 
(After Sharpcy.) 


sists of four different kinds of material, or, as they may be termed, 
histological elements. They are :— 


(a) Cells, or connective-tissue cor¬ 
puscles. 

(b) A homogeneous matrix, ground 
substance, or intercellular mate¬ 
rial. 


(°> 

(d> 


White fibres 

Yellow or elastic fibres 


J These 


are deposited in the matrix. 


In considering these four histological 


elements we may first take the fibres, 
because they are the most obvious and 


abundant of the structures observable. 


The white fibres. These are ex¬ 
quisitely fine fibres collected into 
bundles Avhich have a wavy outline. 
The bundles run in different directions, 
forming an irregular network, the 
meshes between which are called 



hence the name areolar. The 
individual fibres never branch or join 

other fibres, but they may pass from one bundle to another. 

On treatment with dilute acetic acid they become swollen and 
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indistinct, leaving the other structures mixed with them more 
apparent. 

They are composed of the chemical substance called collagen . 
On boili ng they yield gel atin ; some chemists regard collagen as 
the anhydride of gelatifl ; but whether this is so or not, the 
gelatin is undoubtedly derived from the collagen. Gelatin is a 
proteid-like substance though not a proteid. It belongs to the 
class of albuminoids. Its most characteristic property is its 
power of jellying or gelatinising ; that is, it is soluble in hot 
water, but on cooling the solution it'sets into a jelly. 

The yelloiv or elastic fibres. These are seen 
readily after the white fibres are rendered almost 
invisible by treatment with dilute acetic acid, or 
after staining with magenta, for which they have a 
great affinity. They are bigger than the white 
fibres, have a distinct outlinu, and a straight 
course ; they run singly, branch, and join neigh¬ 
bouring fibres. 

The material of which the elastic fibres are com¬ 
posed is called elastin ; this is another albuminoid. 
It is unaltered, as we have seen, by dilute acid. 
11 also resists the action of very strong acid, and is 
not afleeted by boiling water. 

The bundles of white fibres which have been 
swollen out by dilute acetic acid sometimes ex¬ 
hibit constrictions as in fig. 51. These are due to 
elastic fibres or cell processes encircling them and 
preventing the swelling at those points. 

Connective-tissue corpuscles. These are the cells 
of connective tissue : several varieties may be 
made out, especially after a preparation has 
been stained. 

1. Flattened cells, branched, and often united 
by their processes, as in the cornea. 

2. Flattened cells, unbranched, and joined edge 
to edge like the cells of an epithelium; these are well seen 
in the sheath of a tendon. 

*3. Plasma cells of Waldeyer, varying greatly in size and form, 
but not flattened. The protoplasm is much vacuolated. 

4. Granule cells : like plasma cells, but containing albuminous 
granules (stainable by cosin) instead of vacuoles. 

5. Wander cells : white blood-corpuscles which have emigrated 
from the neighbouring blood-vessels. 

6. Pigment cells: these are seen in the subcutaneous tissues 



Fib. 51. —A white 
bundle swollen 
by acetic acid. 
(Toldt.) 
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of many animals, e.g., the frog, and in the choroid coat of 
the eyeball. 

Fig. 55 shows a highly magnified view of a small piece 
of subcutaneous tissue, and illustrates the irregular way in which 
the fibres and cells are intermixed. 



Fig. 52.—Horizontal preparation of the cornea of the choroid coat of the 

frog, stained in gold chloride; showing the eye. x 350. a, cell with 

network of branched cornea corpuscles. The pigment ; b, colourless 

ground substance is completely colourless. fusiform cells. (Kiilli- 

X 400. (Klein.) ker.) 

But we have still to consider the undifferentiated intercellular 
material which is called 


* 



Fig- 54.—Flat, pigmented, branched connective-tissue cells from the sheath of a large 
blood-vessel of the frog’s mesentery; the pigment is not distributed uniformly through¬ 
out the substance of the larger cell, consequently some parte of it look blacker than 
others (uueontracted state). In the two smaller cells most of the pigment is withdrawn 
into the cell-body, so that they appear smaller, blacker, and less branched, x Vo. 
“ee. (Klein and Noble Smith.) 

The ground-substance. This may be represented in figure 55 by 
the white background of the paper. 

It may, however, be more readily seen iu a silver nitrate pre¬ 
paration. * For the intercellular material has the same property 
of reducing silver salts in the sunlight that the cement-material of 



Kg. 55.—Areolar tissue. The white fibres are scon in wavy bunnies; the elastic fibres 
form an open network, p. i>, plasma cells. «, granule cell, c, e. lamellar cells. 


form an open network. : 
f, flbrillated cell. (After l 


>, plasma cells. <j, granule cell, e, e, lamellar cells, 
lehafer.) 


The spaces intercommunicate like the cells, and being con¬ 
siderably larger than the cells form a ramifying network of 
irregular channels, which were first termed by v. Recklinghausen 


U 


§ 


Kg. 56.--Ground substance of connective tissue, stained by silver nitrate. The cell spaces 

are left white. 


the Saft Kancilchen, or little juice canals. Areolar tissue is certainly 
provided with. ilood^EJsssels, but the tissue elements are, as in all 
JiSStres^rovided with nutriment by the exudation from the blood 
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called lymph. The Safe Kanalchen enable the lymph to penetrate 
to every part of the areolar tissue. 


Development of Areolar Tissue. 

The mosoblastic cells in those parts where the tissue is to be 
formed become branched and fus iform. 



Pig. 57.—Portion of submucous tissue of gravid uterus of sow. «, branched cells, more or 
less spindle-shaped ; U, bundles of connective tissue. (Klein .) 


These ultimately become the connective-tissue corpuscles, 
and they get more and more widely separated by intercellular 



* *£■ 58.—Jelly of Wharton, r, ramified cells intercommunicating by tlicir branches. L a 
row of lymph-cells. /, fibres developing in the ground substance. (Ranvier.) 


material, partly shed out by the cells themselves, partly shed out 
from the neighbouring blood-vessels. This becomes the ground 
substance. The fibres form subsequently in this as crystals may 
be deposited by a liquid. At one time it was believed that the 
cells themselves became elongated and converted into fibres. No 
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doubt the cells do exercise a controlling influence on fibre-formation 
in their neighbourhood, but it is extremely doubtful whether they 
ever become fibres. The formation of fibres is now believed to be 
intercellular. Some of the fibres formed are of the white, others 



Fig. 59.—Development of elastic tissue by deposition of fine granules, u, fibres being 
formed by rows of elastic granules. 71, plateliko expansion of elastic substance 
formed by the fusion of elastic granules. (Runvior.) 

of the yellow variety. In the case of the elastic fibres, rows of 
granules of elastin are first deposited ; these joining together in 
single or multiple rows form the long fibres : traces of this are 
seen in transverse markings occasionally noticeable in the larger 
elastic fibres. 


Fibrous Tissue. 

This is a kind of connective tissue in which the white, fibres 
predo min ate; it is found in tendons and ligaments, in the peri- 



Fig. 60.- -Mature white fibrous tissue of tendon, consisting mainly of fibres with a few 
scattered fusiform cells. (Strieker.) 
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ostcum, dtira mater, true skin, the sclerotic coat of the and 
in the thicker fascine and aponeuroses of muscle. 




Fig. Oi.—Cauilal tendon of young rat, showing the arrangement, form, and structure of 
the tendon colls, x yoo. (Klein.) 


The tissue is one of great strength ; this is conferred upon it 
by the arrangement of the fibres, the bundles of which run 
parallel, union here, as elsewhere, 
giving strength. The fibres of the 
same bundle now and then intersect 
eaeli other. The cells in tendons 
(fig. 61) are forced to take up a 
similar orderly arrangement, and are 
arranged in long chains in the 
ground substance separating the 
bundles of fibres, and are more or 
less regularly quadrilateral with 
large round nuclei containing nu¬ 
cleoli, which are generally placed so 
as to be contiguous in tw.o cells. 

Each of these cells consists of a 
thick body, from w'hich processes 
pass in various directions into, and 
partially fill up the spaces between, 
the bundles of fibres. The rows 
of cells are separated from one 
another by lines ot cement substance. 

The cells are generally marked by 



Fig. 62.- 


Transverse section of tendon 
if c 


from a cross section of the tail of 
a rabbit, showing sheath, fibrous 
septa, and branched connective- 
tissue corpuscles. The spaces 
left white in the drawing repre¬ 
sent the tendinous fibres m trans¬ 
verse section. , x 250. (Klein.) 


one or more lines or stripes when viewed longitudinally. This 
appearance is really produced by the wing-like processes of the 
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cell, which project aw r ay from the chief part of the cell in different 
directions. These processes not being in the same plane as the 
body of the cell are out of focus, and give rise to these bright 
stripes when the cells are looked at from above and are in focus. 



Fig. 63.—Cell spaces of tendon, brought into view by treatment with silver nitrate. 

The branched character of the cells is seen in transverse section 
in fig. 62. 

The cell spaces in which the cells lie are in arrangement like 
the cells ; they can be brought into relief by staining with silver 
nitrate (see fig. 63). 

Elastic Tissue. 

This is a form of connective tissue in which the yellow or 
elastic fibres pre dominate. The yellow fibres are larger than are 

found in areolar tissue (see fig. 64), 
and are bound into bundles by 
areolar tissue. It is found in the 
ligamentum nuclue of the ox, horse, 
and many other animals; in the 
ligameuta subflava of man ; in the 
arteries, constituting the fenestrated 
coat of Henle; in. veins; in the 
lungs and trachea ; in the stylo¬ 
hyoid, thyro-hyoid, and erico-thy- 
roid ligaments ; in the true vocal 
cords. 

Structure .—Elastic tissue occurs 
in various forms, from a structure¬ 
less, elastic membrane to a tissue 
whose chief constituents are bundles 
of fibres crossing' each other at 
different angles ; when seen in 
bundles elastic fibres are yellowish 
in colour, but individual fibres are not so distinctly coloured. The 
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larger, elastic fibres are often transversely marked, indicating their 
mode of origin (see p. 44 ), and on transverse section are seen to 
be angular. 

Elastic tissue, being extensible and elastic (i .<?., recoiling after 
it has been stretched), has a most important use in assisting mus¬ 
cular tissue in a mechanical way, and so 
lessening the wear and tear of such 
an important tissue as muscle. Thus, 
in the ligamenta subflava of the 
human vertebral cohunn it assists in 
the maintenance of the erect posture ; 
in the ligamentum undue in the neck 
of quadrupeds it assists in the raising 
of the head and in keeping it in that 
position. In the arterial walls, and in 
the air tubes and lungs, it has a 
similar important action, as we shall 
see when discussing the subjects of 
the circulation and respiration. 

We now come to those forms of con¬ 
nective tissue in which the cells rather than the fibres are most 
prominent. 

Adipose Tissue. ^ 


n 0 0a 

G °5 

Fig. 65.—Transverse section of a 
portion of lig. nuchro, show¬ 
ing the outline of the fibres. 
(After Stiihr.) 


of the human body a 
fatty tissue is present; 


Distribution .—In almost all regions 
larger or smaller quantity of adipose or 
the chief exceptions being the subcu¬ 
taneous tissue of the eyelids,' penis and 
scrotum, the nymphfe, and the cavity 
of the cranium. Adipose tissue is also 
absent from the substance of many 
organs, as the lungs and liver. 

Adipose tissue is almost always 
found seated in areolar tissue, and 
forms in its meshes little masses of 
unequal size and irregular shape, to 
which the term lobules is commonly 
applied. 

Structure .—Under the microscope 
adipose tissue is found to consist 
essentially of little vesicles or cells which present dark, sharply- 
defined edges when viewed with transmitted light: they are 
about -j-J-jj- or of an inch in diameter, each consisting of a 
structureless and colourless membrane or bag formed of 'the 



Fig. 66.—Ordinary fat-cells of V 
fat tract in the omentum of a 
rat. (Klein.) 
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remains of the original protoplasm of the cell, filled with fatty 
matter, which is liquid during life, but in part solidified (or some- 



Fig. 67.—Group of fat-cells (r e) with capillary Teasels (<•). (Noble Smith.) 


times crystallised) after death. A nucleus is always present in 
some part or other of the cell-protoplasm, but in the ordinary 
condition of the cell it is not easily or always visible (fig. 67). 



Kg. 68 .— Blood-vessels of adipose tissue, a. Minute flattened fat-lobule, in which the 
vessels only are represented, a, the terminal artery; v, the primitive vein; l, the fat- 
vesicles of one border of the lobule separately represented, x 100 . b. Plan of the 
arrangement of the capillaries (c) on the exterior of the vesicles; more highly magni¬ 
fied. (Todd and Bowman.) 

This membrane and the nucleus can generally be brought into 
view by staining the tissue : it can be still more satisfactorily 
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demonstrated by extracting the contents of the fat-cells with 
ether, when the shrunken, shrivelled membranes remain behind. 
By mutual pressure, fat-cells come to assume a polyhedral figure 
{fig. 67). When stained with osmic acid fat-cells appear black. 
The cells are surrounded by capillary blood-vessels (fig. 68) ; 


the little clusters thus formed are 
held so by areolar tissue. 

The oily matter contained in 
the cells is composed of the 
compounds of fatty acids with 
glycerin, which are named olein, 
stearin, and palmitin. 

Development of Adipose 
Tissue. — Fat-cells are de¬ 
veloped from connective-tissue 
corpuscles ; connective - tissue 
cells may be found exhibiting 
every intermediate gradation 
between an ordinary branched 
connective-tissue corpuscle and 
a mature fat-cell. The process 


grouped into small masses, and 



of de\ elopment is as follows . — A lobule of developing adipose tissue 

a few small drops of oil make fu5tl > 8 -, «, Sphevi- 

their appearance in the proto¬ 
plasm and by their confluence 
a larger drop is produced (fig. 

70) : this gradually increases 
in size at the expense of the 
original protoplasm of the cell, 
which becomes correspondingly 
diminished in quantity till in the mature cell it only forms a thin 
film, with a flattened nucleus imbedded in its substance (fig. 66). 

Vessels and Nerves. —A large number of blood-vessels are 
found in adipose tissue, which subdivide until each lobule of fat 
contains a fine meshwork of capillaries ensheathlng each individual 
fat-cell (fig. 68). Although nerve fibres pass through the tissue, 
no nerves have been demonstrated to terminate in it. 


cal or, from pressure, polyhedral cells 
with large central nucleus, surrounded 
by a finely reticulated substance staining 
uniformly with lm-matoxylin. h. Similar 
cells with spaces from which the fat lias 
been removed by oil of cloves, e, Similar 
cells showing how tlie nucleus with en¬ 
closing protoplasm is lieing pressed to¬ 
wards periphery. < 1 , Nucleus of endothe¬ 
lium of investing capillaries. (McCarthy.) 
Drawn by Treves. 


The Uses of Adipose Tissue. —Among the uses of adipeffee 
tissue these are the chief :— 

a. It serves as a store of combustible matter which may be 
reabsorbed into the blood when occasion requires, and, being 
used up in the metabolism of the tissues, helps to preserve the 
heat of the body. 

h. Part of the fat which is situate beneath the skin must, by 


K.P. 
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its want of conducting power, assist in preventing undue waste of 
the heat of the body by escape from the surface. 

c. As a packing material, fat serves very admirably to fill up 
spaces, to form a soft and yielding yet elastic material wherewith 
to wrap tender and delicate structures, or form a bed with like 



Fig. 70.—Branched connective-tissue corpuscles, developing into fat-cells. (Kloin.) 

qualities on which such structures may lie, not endangered by 
pressure. As examples of situations in which fat serves such 
purposes may be mentioned the palms of the hands and soles of 
the feet and the orbits. 

d. In the long bones fatty tissue, in the form known as yellow 
marrow, fills the medullary canal, and supports the small blood¬ 
vessels which are distributed from it to the inner part of the 
substance of the bone. 


Retiform Tissue. 

Ttetiform or reticular tissue is a kind of connective-tissue in 
which the ground substance is of more fluid consistency than 



Fig. 71.—Itetiform tissue from a lymphatic gland, from a section which has been treated: 

with dilute potash. (Schafer.) 
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elsewhere. There are few or no elastic fibres in it, but the white 
fibres run in very fine bundles forming a close network. The 
bundles are covered and concealed by flattened connective-tissue 
corpuscles. When these are dissolved by dilute potash, the fibres 
are plainly seen. 

Adenoid or Lymphoid Tissue. 

This is retiform tissue in which the meshes or the network are 
largely occupied by lymph corpuscles. These are in certain foci 
actively multiplying; they get into the lymph stream, which 
washes them into the blood, where they become the colourless 



Fig. 72.—Part of a section of a lymphatic gland, from which the corpuscles have been for 
the most part removed, showing the supporting and retiform tissue. (Klein and 
Noble Smith.) 

corpuscles. It is found in the lymphatic glands, the thymus, the 
tonsils, in the follicular glands of the tongue, in Peyer’s patches, 
and in the solitary glands of the intestines, in the Malpighian 
corpuscles of the spleen, and under the epithelium of many 
mucous membranes. 

Basement Membranes. 

These are homogeneous in appearance, and are found between 
the epithelium of a mucous membrane and the subjacent con¬ 
nective tissue. They are generally formed of flattened connective- 
tissue corpuscles joined together by their edges, but sometimes 



52 


[CH. IV. 


THE CONNECTIVE TISSUES. 

they are made of condensed ground substance, not of cells, and 
in other cases again (as in the cornea) they are of elastic nature. 


Jelly-likp Connective Tissue. 

We have now considered connective tissues in which fibres of 
one or the other kind predominate, and some in which the cells are 

in preponderance. We now 
come lastly to a form of 
connective tissue in which 

the ground substance_is 

in excess of the other 
histological elements. This 
is called jellydike connec¬ 
tive tissue. The cells and 
fibres scattered through it 
are few and far between. 
It is found largely in the 
embryo, notably in the 
Whartonian jelly, which 
surrounds and protects the 
blood-vessels of the umbi¬ 
lical cord. In the adult it 
is found in the vitreous 
humour of the eye. 

Various points in the structure of the tissue are illustrated in 
figs. 58 (p. 43) and 73 - 

The occurrence of large quantities of ground substances in 
such tissues has enabled physiologists to examine its chemical 
nature. Its chief constituents are water, and one or more 
varieties of mucin, with traces of mineral salts. 



Fig. 73.—-Tissue of the jelly of Wharton from 
umbilical cord, n, connective-tissue corpus¬ 
cles ; l>, fasciculi of connective-tissue; c, 
npherioal formative cells. (Frey.) 


The foregoing tissues are sometimes called the connective tissues proper. 
The remaining members of the connective tissue group we shall reserve for 
•the next chapter. 
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CHAPTER y. 

THE CONNECTIVE TISSUES (continued). 

Cartilage, Bone, Teeth, Blood. 

Cartilage. 

Cartilage is popularly termed gristle. It may }>e divided into 
two chief kinds : Hyaline cartilag e; here the matrix or ground 
substance is clear aiid free from fibres : Fibro-cartilage; here the 



Fig. 73 a.—S ection of articular cartilage, a, group of two cells ; h, group of four cells ; 
tl, protoplasm of cell with <■, fatty granules ; <■, nucleus. (After Schiifer.) 

matrix is pervaded with connective-tissue fibres ] when these are 
of the white variety, the tissue is 'white fibro-cartilage; when 
they are of the yellow or elastic variety, the tissue is yellow or 
elastic fibro-cartilage. 

Hyaline Cartilage is found in the following places:— 

1. Covering the articular ends of bones ; here it is called 
articular cartilage. 

2. Forming the rib-cartilages; here it is called costal cartilage. 
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3. The cartilages of the nose, of the windpipe, of the external 
auditory meatus, and the greater number of the laryngeal 
cartilages. 

4. Temporary cartilage; rods of cartilage which prefigure the 
majority of the bones in process of development. 

Articular cartilage : here the cells arc rounded and scattered 
in groups of two and four through the matrix, which is non- 
fibrillatcd, and much firmer than the ground-substance of the 



a 

Fig. 7.1 .- Section of transitional cartilage, a, ordinary cartilage cells ; b h, those 
with processes. (After Schafer.) 

connective tissues proper; but it is affected in the same way with 
silver nitrate. 

I11 the neighbourhood of the synovial membrane, the connective- 
tissue fibres of which extend into the matrix, the cells are branched 
(transition al cartil age 1 . 

\ - .1 ■■ 1—II. W W— 1 **— 1/ / 

The next figure shows the general arrangement of the cell- 
groups in a vertical section of articular cartilage. Cartilage is 
free from blood-vessels, and also from nerves. It is nourished by 
lymph, but canals connecting the cell-spaces are not evident. 

Costed cartilage: here the matrix is not quite so clear, and 
the cells are larger, more angular, and collected into larger 
groups than in articular cartilage. Under the jjerichondrium, a 
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FIBRO-CARTILAGE,, 

fibrdus membrane which surrounds the rod of cartilage, the cells 
are flattened and lie parallel to the surface; in the deeper- parts 
they are irregularly ar¬ 
ranged ; they frequently 
contain fat (see fig. 76).' 

The hyaline cartilages 
of the nose, larynx and 
trachea (fig. 77) resemble 
cosfail cartilage. 

Hyaline cartilage in 
many situations (costal, 
laryngeal, tracheal) shows 
a tendency to become 
calcified late in life. 

On-boilimr. the erou nd-substance of cartilaire yields sx, material 
called chondrin. This resembles gelatin very closely, and the 
differences in its reactions are due to the fact that chondrin is 



Fig. 75.—Vertical section of articular cartilage. 
u, cell-groups arranged parallel to surface. A, 
cell-groups irregularly arranged. /•, cell-groups 
arranged perpendicularly to surface. 



Fig. 76.—Costal cartilage from an adult 
dog, showing the fat-globules in the 
cartilage-cells. (Cadiat.) 



Fig. 77.—Ordinary hyaline cartilage from 
trachea of a child. The cartilage 
cells arc enclosed singly or in pairs 
in a capsule of hyaline substance, 
x 150 aiams. (Klein and Noble 
Smith.) 


not a chemical individual, but a mixture of gelatin with varying 
amounts of mucin-like substances. 

White Fibro-Cartilage occurs— 

1. As inter-articular fibro-cartilage— e.y., the semilunar carti¬ 
lages of the knee-joint. 

2. As circumferential or marginal cartilage, as on the edges of 
the acetabulum and glenoid cavity. 
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3. As connecting cartilage— e.g., the inter-vertebral discs. 

4. In the sheaths of tendons and sometimes in their substance. 

In the latter situation the 



nodule of fibro-cartilage is 
called a sesamoid fibro-car¬ 
tilage, of which a specimen 
may be found in the tendon 
of the tibialis posticus in 
the sole of the foot, and 

Cells of ear- usuall y in the neighbouring 

tiiage. tendon of the peroneus 

longus. 

White fibro-cartilage (fig. 
fibrous 78) is composed of cells, 

matrix. and a matrix ; the latter,] 

however, being made un 
almost entirely of fibres on 
the white variety. 

In this kind of fibro- 
cartilage it is not unusual 
to find a great part of its 


Kg. 78. —White iibvo-cartiiage. (Cadir.t.) mass composed almost exclu¬ 

sively of fibres, and deriving 
the name of cartilage only from the fact that in another portion. 


continuous with it, cartilage-cells may be pretty freely distributed. 


Yellow or Elastic Fibro- 



Cartilage -is found in the 
pinna of the external ear, in, 
the epiglottis and corniculftF 
laryngis, and in the Eusta¬ 
chian tube. 

The cells in this variety of 
eartilage are rounded or oval,, 
with well-marked nuclei and 
nucleoli (fig. 79). The matrix 
in which they are seated is 
pervaded in all directions 
by fine elastic fibres, w r hich 
form an intricate interlace¬ 
ment about the cells : a 


Fig. 79.—Yellow elastic cartilage. (Cadiat.) small and variable quantity 

of non-fibrillated hyaline in¬ 
tercellular substance is also present around the cells. 

Development of Cartilage. —Like other connectiv e tissue s. 
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c artilage originates f rom mesoblaat ; the cells are unbranched, 
and the disposition of the cells in fully formecTcartilage in 
groups of two, four, &c., is due to the fact that each group has 
originated from the division of a single cell, first into two, each 
of these again into two, and so on. This process of cell division 
is accompanied with the usual karyokinetic changes. 

Each cell deposits on its exterior a sheath or capsule; on 



Fig. Ho.— Han of multiplication of cells in cartilage. «, cell in its capsule. t>, divided into 
two, eadh with a capsule, r, primary capsule disappeared, secondary capsules coherent 
with matrix, d, tertiary division, e, secondary capsules disappeared, tertiary coherent 
with matrix. (After Sharpey.) 

division the daughter cells each deposit a new capsule within 
this, and the process may be repeated (see fig. 80). 

Thus the cells get more and more separated. The fused 
capsules form a very large part of the matrix, and indications of 
their previous existence may sometimes be seen in fully formed 
cartilage by the presence of faint concentric lines around the ceils 
(see fig. 76). 

In a variety of cartilage found in the ears of rats and 
mice called cellular cartilage , the cells never multiply to any 
great extent, and they are only separated by their thickened 
capsules. 

But in most cartilages the cell-capsules will not explain the 
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origin of the whole matrix, but intercellular material accumulates 
outside the capsules and still further separates the cells. 

By certain complicated methods of double staining this twofold 
manner of formation may be shown very markedly. We have 
seen that ehondrin obtained by boiling cartilage is really a 
mixture of two substances; , one is a mucinoid material, and 
comes from the capsules ; the other is gelatin, which comes from 
the rest of the ground-substance which is collagenous. In hyaline 
cartilage, however, the collagen does not become precipitated to 
form fibres, but in wdiite fibro-cartilage it does. In yellow fibro- 
cartilage the matrix is pervaded by a deposit of elastin, which 
results in the formation of a network of elastic fibres. 


Bone. 

Chemical composition .—Bone is composed of earthy and animal 
matter in the proportion of about 67 per cent, of the former to 
33 per cent, of the latter. The earthy matter is composed chiefly 
of calcium phosphate , but besides this, there is a small quantity 
(about 11 of the 67 per cent.) of calcium carbonate, calcium 
fluoride, and magnesium phosphate. 

The animal matter is chiefly coll age n, which is converted into 
gelatin by boiling. 

The animal and earthy constituents of bone are so intimately 
blended and incorporated the one with the other that it is only 
by severe measures, as for instance by a white heat in one case 
and by the action of concentrated acids in another, that they can 
be separated. Their close union too is further shown by the fact 
that when by acids the earthy matter is dissolved out, or on the 
other hand when the animal part is burnt out, the shape of the 
bone is alike preserved. 

The proportion between these two constituents of bone varies 
slightly in different bones in the same individual and in the 
same bone at different ages. 

Structure .—To the naked eye there appear two kinds of struc¬ 
ture in different bones, and in different parts of the same bone, 
namely, the dense or. com pact, and the spong y or cancellous tissue. 
Thus, in making a longitudinal section of a long bone, as the 
humeras or femur, the articular extremities are found capped on 
their surface by a thin shell of compact bone, while their interior 
is made up of the spongy or cancellous tissue. The shaft, on the 
other hand, is formed almost entirely of a thick layer of the com¬ 
pact bone, and this surrounds a central canal, the me dullar y 
cavity—so called from its containing the medulla or marrow. 
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In the flat bones, as the parietal bone or the scapula, one layer 
of the cancellous structure lies between two layers of the compact 
tissue, and in the short and irregular bones, as those of the carpus 
and tarsus, the cancellous tissue fills the interior, while a thin 
shell of compact bone forms the outsidS. 

Marrow.—There are two distinct varieties of marrow -—t h ej'ed 
and yel low. 

Red marro w is that variety which occupies the spaces in the 
ca ne, ellous.tiss ue : i t is highly vascu lar, and thus maintains the 
nutr itio n of the spongy bone, the interstices of which it fills. It 
contains a few fat-cells an d a la rge number .of marrow-cells, many 
of which are undistinguishable from lymphoid corpuscles, and has 
for a basis a small amount of fibrous tissue. Among the cells are 



Fig. Rr.—Cells of the red marrow of the guinea-pig, highly magnified, a, a largo nell, the 
nucleus of which appears to he pirtly divided into three by constrictions ; l>, a cell, the 
nucleus of which shown an appearance of being constricted into a number of smaller 
nuclei; e, a Ho-called giant cell, or myeloplaxe, with many nuclei; «\ a smaller rnyelo- 
plaxe, with three nuclei; e - i, proper cells of the marrow. (E. A. Sehafet.) 


some nucleated cells of the samo tint as coloured blood-corpulcles 
There are also a few large cells with many nuclei, termed ffiartt 
cells or myeloplaoces (fig. 81). 

Yellow marrow .fil.ls„.the gnednllary cavity . of. long, bones, and 
c onsists ch iefly, oi fat-cclla with numerous blood-vessels; many of 
its cells also are in every respect similar to lymphoid corpuscles. 

From these marrow-cells, especially those of the red marrow, 
are derived, as we shall presently see, large quantities of ‘red 
blood-corpuscles. 

Periosteum and Nutrient Blood-vessels. —The surfaces of 
bones, except the part covered with articular cartilage, are , 
clothed by a tough,. fibrous membrane, thfi peris,steiem ; and it is 
from the blood-vessels which are distributed in this membrane, 
that the bones, especially their more compact tissue, are in great 
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part supplied with nourishment,—minute branches from the* 
periosteal vessels entering the little foramina on the surface of ) 
the bone, and finding their way to the Haversian canals, to be 
immediately described. The long bones are supplied also by a 
proper nutrient artery which, entering at some part of the shaft 
so as to reach the medullary canal, breaks up into branches for 
the supply of the marrow, from which again small vessels are 
distributed to the interior of the bone. Other small blood- 



Fig. 8a.—Transverse section of compact bony tissue (of humerus). Three of the Haversian 
canals are seen, with their concentric rings; also the lacuna?, with the canalieuli 
extending from them across the direction of the lamella 1 . The Haversian apertures 
were filled with air and ddbris in grinding down the section, and therefore appear 
black in the figure, which represents the object as viewed with transmitted light. The 
Haversian systems are so closely packed in this section, that scarcely any interstitial 
lamellae are visible. X 150. (Sharpey.) 

vessels pierce the articular extremities for the supply of the can¬ 
cellous tissue. 

Microscopic Structure of Bone .—Notwithstanding the differences 
of arrangement just mentioned, the structure of all bone is found 
under the microscope to be essentially the same. 

Examined with a rather high power its substance is found to 
contain a multitude of small irregular, spaces, a pproximately fus i- 
form i n shape^efllled In^.uncH, with very minute canals or canali¬ 
euli leading from them, and anastomosing with similar little 
prolongations from other lacunee (fig. 82). In very thin layers 
of bone, no other canals than these may he visible ; but on 
making a transverse section of the compact tissue as of a long 
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bone, e.g., the humerus or ulna, the arrangement shown in fig. 82 
can be seen. 

The bone seems mapped out into small circular districts, at or 
about the centre of each of which is a hole, around which is an 
appearance as of concentric layers—the iacunce and canalicvli fol¬ 
lowing the same concentric plan of distribution around the small 
hole in the centre, with 


which indeed thoy com¬ 
municate. 

On making a longitu¬ 
dinal section, the central 
holes are found to be 
simply the cut extremi¬ 
ties of small canals which 
run lengthwise through 
the bone, anastomosing 
with each other by late¬ 
ral branches (fig. 83), 
and are called Haversian 
canals, after the name 
of the physician, Clopton 
Havers, who first accu¬ 
rately described them. 

The Haversian 
canals, the average 
diameter of which is 



iHFOr of an inch, contain Kg. 83.—Longitudinal section from the human ulna, 
blood-vessels, and by Haversian canal, lacunm, and eanaliculi. 

means of them blood is 


conveyed to all, even the densest parts of the bone; the minute 


canaliculi and lacunae absorbing lymph from the Haversian blood¬ 
vessels and conveying it still more intimately to the substance 
of the bone which they traverse. 

The blood-vessels enter the Haversian canals both from with¬ 


out, by traversing the small holes which exist on the surface of 
all bones beneath the periosteum, and from within by means of 
small channels which extend from the medullary cavity, or from 
the cancellous tissue. The arteries and veins usually occupy 
separate canals, and the veins, which are the larger, often present, 
at irregular intervals, small pouch-like dilatations. 


The lacunae are occupied by branc hed cells, which are called 
bom-ce lls, or hone-corvus cles (fig. 84), which very closely resemble 
the ordinary branched connective-tissue corpuscles ; each of these 


little masses of protoplasm ministers to the nutrition of the 
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bone immediately surrounding it, and one lacunar corpuscle com¬ 
municates with another, and with its surrounding district, and 



with the blood-vessels of 
the Haversian canals, by 
means of the minute 
streams of fluent nutrient 
matter or lymph which 
occupy the canaliculi. 

Tt will be seen from the 
above description that bone 
is essentially connective 
tissue, the ground-sub¬ 
stance of which is impreg¬ 
nated with lime salts. The 
bone-corpuscles with their 
processes, occupying the 
lacunae and canaliculi, 
correspond exactly to the 
connective-tissue corpuscles 


Fig. 84.—Bone-corpuscles with their, processes as 
seen in a thin section of human bone. 
(KoHett.) 


lying in branched spaces. 

Lamellae of Compact 
Bone. —In the shaft of a 


long bone three distinct sets of lamella) can be clearly recognised. 

1. Circumferential lamellae; which 



Fig. 85.—Thin layer peeled off 
from a softened bone. This 
figure, which is intended to 
represent the reticular struc¬ 
ture of alamella, gives a better 
idea of the object when held 
rather farther off than usual 
from the eye. x 400. 

(Snarpey.) 


are most easily traceable just beneath 
the periosteum, and around the 
medullary cavity, forming around the 
latter a series of concentric rings. At 
a little distance from the medullary 
and periosteal surfaces (in the deeper 
portions of the bone) they are more or 
less interrupted by 

2. Haversian lamellae, which are 
concentrically arranged around the 
Haversian canals to the number of 
six to. eighteen around each. 

3. Interstitial lamellae, which con¬ 
nect the systems of Haversian lamellae, 
filling the spaces between them, and 
consequently attaining their greatest 
development where the Haversian 
systems are few, and vice versd. 


The ultimate structure of the lamellae is fibrous. If a thin 


film be peeled off the surface of a bone, from which the earthy 
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matter has been removed by acid, and examined with a high 
power of the microscope, it will be found composed of very 
slender fibres decussating obliquely, but coalescing at the points 
of intersection, as if here the fibres were fused rather than woven 
together (fig. 85). These are called the intercrossing fib res of 
Skarpay ; they correspond to the white fibres of connective tissue 
iuFTTbrm the source of the gelatin obtained by boiling bone. 

In many cases, as in the parietal bone, the lamella) are per¬ 
forated by tapering fibres called the perforating fibres of Sharpey, 
resembling in character 
the ordinary white or 
rarely the elastic fibrous 
tissue, which bolt the 
neighbouring lamellae 
together, and may be 
drawn out when the 
latter are torn asunder 
(fig. 86). These per¬ 
forating fibres originate 
from ingrowing processes 
of the periosteum, and 
in the adult still retain 
their connection with it. 

Development of 
Bone.— From the point 
of view of their develop¬ 
ment, all bones may be 
subdivided into two 

which are 
ossified directly or from 
the. first in a fibrous 
membrane afterwards 
called the periosteum— e.g., the bones forming the vault of the 
skull, parietal, frontal, and ’ a certain portion of the occipital 
bones. 

(b.) Those whose form, previous to ossification, is laid down in 
hyaline cartilage — e.g., humerus, femur. 

The process of development, pure and simple, may be best 
studied in bones which are not preceded by cartilage— i.e., mem¬ 
brane-formed {e.g., parietal); and without a knowledge of this 
process (ossification in membrane), it is impossible to understand 
the much more complex series of changes through which such 
a structure as the cartilaginous femur of the foetus passes in its 


classes:— 
(a.) Those 



Fig. 86.—lamellae tom off from a decalcified human 
parietal bone at some depth from the surface. 
a, a, lamellm, showing reticular fibres; h, b, darker 
part, where several lamella* are superposed; 
c, perforating* fibres. Apertures through which 
perforating fibres had passed, are seen especially 
in the lower part, a, a, of the figure. (Allen 
Thomson.) 
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transformation into the bony femur of the adult (ossification in 
cartilage). 

Ossification in Membrane. —The membrane, afterwards 
forming the periosteum, from which such a bone as the parietaj 
is developed, consists of two layers—an external fibrous , and an 
interna l cellular or osteo-aenetic. 

The exte rnal laye r is made up of ordinary fibrous tissue. The 
internal layer consists of a network of fine fibrils with a large 
number of nucleated cells ( osteoblasts ), some of which are oval, 
others drawn out into long branched processes: it is more richly 
supplied with c apillar ies than the outer layer. It is this portitp 
of the periosteum which is immediately concerned in the forma¬ 
tion of bone. 

In such a bone as the parietal, ossification is preceded by an 
increase in the vascularity of this membrane, and then spicules, 
starting from a centre of ossification near the centre of the "future 
bone, shoot out in all directions towards the periphery. These 
primary bone spieulfe consist of fibres which are termed osteo- 
genet ic fibr es: they are composed of a soft transparent substance 
called osteogen, around and between which calcareous granules are 
deposited. The fibres in their preealeified state are likened to 
bundles of white fibrous tissue, to which they are similar in 
chemical composition, but from which they differ in being stiffer 
and less w r avy. The deposited granules after a time become so 
numerous as to imprison the fibres, and bony spiculee result. By 
the junction of the osteo-genetie fibres and their resulting bony 
spiculte a meshwork of bone is formed. The osteo-genctic fibres, 
which become indistinct as calcification proceeds, persist in the 
lamella; of adult bone as the intercrossing fibres of Sharpey. 
The osteoljJast& being in part refained within £he bony layers 
thus produced, form bone-corpuscles. On the bony trabecula; 
first formed, layers of osteoblastic cells from the osteo-genetic 
layer of the periosteum repeat the process just described ; and as 
this occurs in several thicknesses, and also at the edges of the" 
spicules previously formed, the bone increases, both in thickness 
length and breadth. The process is not completed by the time 
the child is born, hence the fontanelles or still soft places on the 
heads of infants. Fig. 87 represents a small piece of the 
growing edge of a parietal bone. 

The bulk of the primitive spongy bone is in time converted 
into compact bony tissue, with Haversian systems. Thoseportions 
in the interior not converted into bone become filled with the red 
marrow of the cancellous tissue. ‘ 

Ossification in Cartilage. —Under this heading, taking the 
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femur or any other long bone as an example, we have to consider 
the process by which the solid cartilaginous rod which represents 
the bone in the foetus is converted into the hollow cylinder of 
compact bone with expanded ends formed of cancellous tissue of 
which the adult bone is made up. must bear in mind the 
fact that this foetal cartilaginous femur is many times smaller than 
even the medullary cavity of the shaft of the mature bone, and, 
therefore, that not a trace of the original cartilage can be present 



Kg'. 87,—Part of tho growing edge of the developing parietal bone of a foetal oat. $p, 
bony epiculea with some of the osteoblasts imbedded in them, producing the lacunee; 
of osteogenic fibres prolonging the spicules with osteoblasts (oat) between them and 
applied to them. (G. Lawrence.) 


in the femur of the adult. 'Its purpose is indeed purely tem¬ 
porary ; and, after its calcification, it is gradually and entirely 
absorbed. 

The cartilaginous rod which forms the precursor of a foetal long 
bone is sheathed in a membrane termed the perichondrium,, which 
so far resembles the periosteum described above, as to consist, of 
two layers, in the deeper one of which spheroidal and branched 
cells predominate and blood-vessels abound, while the outer layer 
consists mainly of fibres. 

Between the cartilaginous prefigurement of which the foetal 

K.P. jf 
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Fig. 88.—Section of two foetal phalanges; the car- 
til age-cells in the centre of B are enlarged and 
' separated from one another by .calcified matrix. 

im, layer of hone deposited under the perios¬ 
teum. o, layer of osteoblasts by which this 
layer was formed. The rows of cartilage-cells 
are seen on each side of the centre of calcifica¬ 
tion. In A, the terminal phalanx, the changes 
begin at the top. 


long bone consists and 
the adult bone there 
are several intermediate 
stages. 

The process may, how¬ 
ever, be most conveniently 
described as occurring in 
three principal stages. 

The first, stage consists 
of two sets of changes, one 
in the cartilage, the other 
under the perichondrium. 
These take place side by 
side. In the cartilage the 
cells in the middle * be -1 
come enlarged and separated * 
from one another. The car¬ 
tilage-cells on each side get 
arranged in rows in the 
direction of the extremities 
of the cartilaginous rod. 
If at this stage one cuts 
the little embryonic bone 
with a knife, the knife en¬ 
counters resistance, and 
there is a sensation of 
grittiness. This is due to 
the fact that calcareous 
particles q,re deposited in 
the matrix ; and in conse¬ 
quence of this the matrix 
stains differently with his¬ 
tological reagents than the 
unaltered matrix. Simul¬ 
taneously with this, the 
periosteal tissue is forming 
layer after layer of true 
bone; this is formed exactly 
in the same way as in 

* This is the ease in nearly 
all the long bones, but in the 
terminal phalanges the change 
occurs first, not in the middle 
but at their distal extremities. 
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such a bone as the parietal; by the agency of the osteoblasts, 
osteogenic fibres, and then spicules of bone, are formed by deposit 
of calcareous matter. As the layers are formed, some of the 
osteoblasts get walled in between the layers, and become bone 
cells. 

In the later part of this stage the calcareous deposit between * 
the cartilage-cells cuts them off from nutrition, and they in con-- ’ 



sequence waste, leaving spaces that are called the primary areolae. 
The calcareous deposit creeps up between the rows of cartilage- 
cells, enclosing them in, calcified boxes containing one, two, or 
more cells each. The wasting of the cells leads here also to the 
formation of primary areolae. 

We may roughly compare the two sets of cells engaged in the 
process to two races of settlers in a new country. The cartilage- 
cells constitute one race, and so successfully build for themselves 
calcareous homes as to be completely boxed up; mo they waste 








68 


THE CONNECTIVE TISSUES. 


[CH. V. 


and disappear, leaving only the walls of their home enclosing the 
spaces called primary areola). The osteoblasts, the other race of 
cells under the perichondrium, are forming layers of true bone in 
that situation. Some, it is true, get walled in in the process, and 
become bone-corpuscles, *but the system of intercommunicating 
lacuna) and canaliculi maintains their nutrition. 

These two races are working side by side, and at first do not 
interfere with each other. But soon comes a declaration of war, 
and we enter upon the second stage of ossification, which is very 
appropriately called the stage of irruption (fig. 89). Breaches 
occur in the bony wall which the osteoblasts have built like a 
girdle round the calcifying cartilage, and through these the peri- 
cliondrial tissue pours an invading army into the calcified cartilage. 
This consists of osteoblasts, the bone formers; osteoclasts, or the 
bone destroyers; the latter are large cells, similar to the myelo- 
plaxes found in marrow (fig. 81). There are also a few fibres, 
and a store of nutrient supply in the shape of blood-vessels. 

Having got inside, the osteoclasts set to work to demolish the 
homes of the cartilage-cells, the primary areolae, and thus large 
spaces are formed, which are called the secondary areola?,, or the 
medullary sj>aces. On the ruins of the calcified cartilage the 
osteoblasts proceed to deposit true bone in layers, just as they 
were wont to do in their own country, under the periosteum. 

The third stage of ossification is a repetition of these two stages 
towards the extremities of the cartilage. The cartilage-cells get 
flattened and arranged in rows ; calcareous deposit occurs around 
these, and primary areola) result; then follows the advance of the 
subperiosteal tissue, the demolition of the primary areolae, the 
formation of secondary areolae, and the deposit of true bone. At 
the same time, layer upon layer is still being deposited beneath 
the periosteum, and these, from being at first a mere girdle round 
the waist of the bone, now extend towards its extremities. 

The next figure is a magnified view of the line of advance. 

The bone which is first formed is less regularly lamellar than 
that of the adult. The lamellae are not deposited till after birth, 
and their formation is preceded by a considerable amount of 
absorption. To carry our simile further, the osteoblasts are not 
satisfied with the rough constructions that they were first able to 
make, but having exterminated the cartilage, they destroy (again 
through the agency of the regiment of giant osteoclasts) their 
first work, and build regular lamellae, leaving lacunae for the 
accommodation of those who desire to retire from active warfare. 

About this time, too, the marrow cavity is formed by the 
absorption of the, bony tissue that originally occupied the centre 
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of the shaft. Here the osteoclasts have again to do the work, 
and, with this final act of destruction, all remains of any calcified 
cartilage of the foetal bone entirely disappear. 

The formation of a so-called cartilage bone is thus, after all, a 
formation of bone by subperiosteal • 

tissue, iust as it is in the so-called ^ t. s’ .s* .=, 

membrane bone. W ^ § .§» «_ 

After a time the cartilage at the g> g 

ends of the shaft begins to ossify =s “ ^ “ “gff & 

independently, and the epiphyses fS S ■= S jlf 
are formed. They are not joined ^ S 

on to the shaft till late in life, so 

that growth of the bone can con- J=t 

tinuc till union takes place. 'cS* <§? 

Bone also grows in width by the § 5 ^ g> g =,< ^ 

deposition of layers under the perios- <—? »|=> 

tcurn, like successive rings formed 

under the bark of a growing tree. '«*? Isa . 

This was shown long before the 

histological details which we have <■» 

described were made out by Sharpey. wj A; 1 S. 

Silver rings were placed by Duha- V v “ 

mel around the bones of young " 11 .. 

pigeons. When killed later, the jj L ‘V 

rings were completely covered in by '•;? f" T 

bone; and in the animals killed 4 f *M|IT ” 

last, were even found in the central \ ) • i' 

cavity. Another series of ex peri- y ^ '\ \ 

ments with pigs wero made by the 

. . , , r rT , ml " Fig. go.—Longitudinal section of oaai- 

celcorated John Hunter. 1 he young tying cartilage. Calcined trabeculae 

animals were fed alternately on cpiui^rof eX mrtur B e-ce!^ ee “ car- 

ordinary food and food dyed by the ^^^"^sAarpey " ooondary areoleB - 

red pigment marrow. The new bony 

tissue acts like what dyers called a “ mordant : ” it fixes the dye, 
and the rings of bone deposited during the madder periods were 
distinctly rod in colour. 

The importance of the periosteum in bone formation is now 
recognized by surgeons. When removing a piece of bone they 
are careful, if possible, to leave the periosteum behind : this leads 


Fig. 90.—Longitudinal section, of ossi¬ 
fying cartilage. Calcified trabeculae 
are Heen extending between the 
columns of cartilage-cells, c, car¬ 
tilage-cells ; a, b, secondary areolae, 
x 140. (Sharpey.) 


to regeneration of. the lost bone. If it is absolutely necessary to 
remove the periosteum, successful oases have occurred in which 
the living periosteum from an animal has effectively been 
transplanted. 
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The Teeth. 


During the course of his life, man, in common with most other 
mammals, is provided wijfh two sets of teeth ; the first set, called 
the temporary or milk-teeth , makes its appearance in infancy, 

and is in the course of 



a few years shed and 
replaced by the second 
or permanent set. 

The temporary or 
milk-teeth have only 
a very limited term of 
existence. 

They are ten in num¬ 
ber in each jaw, namely, 
on either side from the 
middle line two incisors, 
one canine, and two de¬ 
ciduous molars, and are 
replaced by ten perma¬ 
nent teeth. The num- 


Fig\ 91.—Normal -well-formed jaws, from which the ber of permanent teeth 
alveolar plate ha* been in great, part, removed, so ; n i nw Uowovpr 

an to expose the developing permanent teeth in ln eatU J aW nowcver > 

their crypts in the jaws. (Tomes.) increased to sixteen by 


the development of three 
molars on each side of the jaw, which are called the permanent 
or true molars. 


The following formula shows, at a glance, the comparative 
arrangement and number of the temporary and permanent teeth:— 


Temporary Teeth. 


Middle Line op Jaw. 



MOLARS. 

CANINE. 

INCISORS. 

INCISORS. 

CANINE. 

MOLARS. 



2 

1 

2 

2 

1 

2 = 10 











2 

1 

2 

2 

1 

2 = 10 





Permanent Teeth, 







Middle Line op Jaw. 




TRUE 

MOLAM 8 . 

BICUSPIDS 



1 


BICUSPIDS 

TRUE 

MOLARS. 

OR PRE¬ 
MOLARS. 

CANINE. 

INCISORS. 

INCI 8 QR 8 . CANINE. 

OR PRE- 
MOLARS. 

3 

2 

1 

2 

2 

1 

2 

3 

3 

2 

1 

2 

2 

1 

2 

3 
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From this formula it will be seen that the two bicuspid or pre¬ 
molar teeth in the adult are the successors of the two deciduous 
molars in the child. They differ from them, however, in some 
respects, the temporary molars having a stronger likeness to the 
permanent than to their immediate descendants the so-called 
bicuspids, besides occupying more space in the jaws. 

The temporary incisors and canines differ from their successors 
but little except in their smaller size and the abrupt manner in 
which their enamel terminates at the necks of the teeth, forming 
a ridge or thick edge. Their colour is more of a bluish white 
than of a yellowish shade. 

The following tables show the average times of eruption of the 
Temporary and Permanent teeth. In both cases the eruption of 
any given tooth of the lower precedes, as a rule, that of the 
corresponding tooth of the upper jaw. 

Temporary or Milk Teeth. 

The figures indicate in months the age at which each tooth appears. 


I NCI SU R 8 . 

. 

DECIDUOUS 
FIRST 

MOLARS. 

CANINES. 

DECIDUOUS 

SECOND 

MOLARS. 

6 

12 

iS 

24 


Permanent Teeth. 

/ 

The age at which each tooth is cut is indicated in this table in years. 


FIRST 

MOLARS. 

INCISORS. 

BICUSPIDS OR PRK- 


SECOND 

MOLARS. 

THIRD 



MOLARS. 

CANINES. 

MOLARS OR 

CENTRALS. 

LATERALS. 

FIRST. 

SECOND. 


WISDOMS. 

6 

7 

8 

' 9 

io 

u 

12 

17 to 25 


The times of eruption given in the above tables are only 
approximate : the limits of normal variation being tolerably wide. 
Certain diseases affecting the bony skeleton, e.g., Rickets, retard 
the eruptive period considerably. 

It is important to notice that it is a molar which is the first 
tooth to be cut in the permanent dentition, not an incisor as in 
the case of the temporary set, and also that it appears behind the 
last deciduous molar on each side. 

The third molars, often called Wisdoms, are sometimes unerupted 
through life from want of sufficient jaw space and the presence of 
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the other teeth ; cases of whole families in which their absence is 
a characteristic feature are occasionally met with. 

When the teeth are fully erupted it will be observed that the 
upper incisors and canines project obliquely over the lower front 
teeth and the external cusps.of the upper bicuspids and molars lie 
outside those of the corresponding teeth in the lower jaw. This 
arrangement allows to some extent of a scissor-like action in 
dividing and biting food in the case of incisors; and a grinding 
motion in that of the bicuspids and molars when the side to side 
movements of the lower jaw bring the external cusps of the lower 
teeth into direct articulation with those of the upper, and then 
cause them to glide down the inclined surfaces of the external 
and up the internal cusps of these same upper teeth during the 
act of mastication. 

The work of the canine teeth in man is similar to that of his 
incisors. Besides being a firmly implanted tooth and one of 
stronger substance than the others, the canine tooth is important 
in preserving the shape of the angle of the mouth, and by its 
shape, whether pointed or blunt, long or short, it becomes a 
character tooth of the dentition as a whole in both males and 
females. 

Another feature in the fully developed and properly articulated 
set of teeth is that no two teeth oppose each other only, but that 
each tooth antagonises with two, except the upper Wisdom, 
usually a small tooth. This is the result of the greater width of 
the upper incisors, which so arranges the “ bite ” of the other 
teeth that the lower canine closes in front of the upper one. 

Should a tooth be lost, therefore, it does not follow that its 
former opponent remaining in the mouth is rendered useless and 
thereby liable to be removed from the jaw by a gradual process 
of extrusion commonly seen in teeth that have no work to perform 
by reason of absence of antagonists. 


Structure of a Tooth. 

A tooth is generally described as possessing a crown, neck, and 
root or roots. 

The crouyn is the portion which projects beyond the level of the 
gum. The neck is that constricted portion just below the crown 
which is embraced by the free edges of the gum, and the root 
includes all below this. 

On making longitudinal and transverse sections through its 
centre (figs. 92, 93), a tooth is found to be composed of a hard 
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material, dentine or ivory, which is moulded around a central cavity 
which resembles in general shape the outline of the tooth; the 




Fig. 93.—Premolar tooth of eat in situ, 
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cavity is called the pulp cavity from its containing the very 
vascular and sensitive pulp. 

The tooth-jndp is composed of loose connective tissue, bloody 
vessels, nerves,, and large numbers of cells of varying shapes, e.g., 
fusiform, stellate, and on«tlie surface in close connection with the 
dentine a specialised layer of cells called odontoblasts, which are 
elongated.... columnar-lookin g c ells with a Targe nucleus at the 
tapering ends farthest from the dentine. 

The blood-vessels and nerves enter the pulp through a small 
opening at the apical extremity of each root. The exact termina¬ 
tions of the nerves are not definitely known. They have never 



Fig., 94.—Section of a portion of the dentine and cement from the middle of the root of an 
incisor tooth, a, dental tubules ramifying and terminating, some of them in the inter- 
globular spaces b and «; d, inner layer of the cement with numerous closely set 
canaliculi. e, outer layer of cement; /, lacuna); g, canalieuli. x 350. (Kblliker.) 

been observed to enter the dentinal tubes. No lymphatics have 
been seen in the pulp. 

A layer of very hard calcareous matter, the enamel, caps that 
part of the dentine which projects beyond the level of the gum ; 
'whitesheathing the portion of dentine which is beneath the level 
of the gum, is a layer of true bone, called the cement or crusta 

petrosa. . . 

At the neck of the tooth, where the enamel and cement come 
into contact, each is reduced to ap exceedingly thin layer; the 
cement overlapping the enamel and being prolonged over it. On 
the surface of the crown of the tooth, when it first comes through 
the jaw, is a thin membrane called Nasmyth's membrane, or the 
cuticle of the tooth. The covering of enamel becomes thicker 
towards the crown, and the cement towards the lower end or apex 
of the root. 

Dentine or Ivory. 

Chemical composition .—Dentine closely resembles bone in 
chemical composition. It contains, however, rather less animal 
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matter; the proportion in a hundred parts being about twenty- 
eight animal to seventy-two of earthy. The former, like the 
animal matter of bone, may be converted into gelatin by boiling. 
It also contains a trace of fat. The earthy matter is made up 
chiefly of calcium phosphate, with a small portion of the carbonate, 
and traces of calcium fluoride and magnesium phosphate. 

Structure. —Under the microscope dentine is seen to be finely 
channelled by a multitude of delicate tubes, which, by their inner 
ends communicate with the pulp-cavity, and by their outer ex¬ 
tremities come into contact with the under part of the enamel and 
cement, and sometimes even penetrate them for a greater or less 
distance (figs. 95, 96). The matrix in which these tubes lie is 
composed of “a reticulum of fine fibres of connective tissue modi- 



Eig. 95.—Enamel prisms. A, fragments and single prisms of the transversely-striated 
enamel, isolated by the action of hydrochloric acid. B, surface of a small fragment 
of enamel, showing the hexagonal ends of the fibres with darker centres, x 350. 
(Kolliker.) 


ajtion, and where that process is complete, entirely 
hidden by the densely deposited lime salts ” (Mummery). 

In their course from the pulp-cavity to the surface, the minute 
tubes form gentle and nearly parallel curves and divide and sub¬ 
divide dichotomously, but without much lessening of their calibre 
until they are approaching the peripheral termination. 

From their sides proceed other exceedingly minute secondary 
canals, which extend into the dentine between the tubules and 
anastomose with each other. Th. e tub ulea...oL.tha. dentine, the 
average diameter of which at their inner and larger extremity is 
vsW °f an inch, contain fine prolongations from the tooth-pulp, 
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which give the dentine a certain faint sensitiveness under ordi¬ 
nary circumstances and, without doubt, have to do also with 
its nutrition. These prolongations from the tooth-pulp are 
processes of the dentine-cells or odontoblasts which are columnar 
cells lining the pulp-cavity; the relation of these processes to the 

tubules in which they lie being precisely 



similar to that of the processes of the bone- 
corpuscles to the canalieuli of bone. The 
i outer portion of the dentine, underlying 
I the cement, and the enamel to a much 
i lesser degree, forms a more or less distinct 
j layer termed the granular or interg lobular 
‘ layer. It is characterised by the presence 
' of a number of irregular minute.pell-like 
cavities. The explanation of these will 
be seen when we study the development 
of a tooth. 

■ Enamel. 

Chemical composition. — The enamel , 
which is by far the hardest tissue in the 
body, is composed of the same inorganic 
compounds that enter into the composition 
of dentine and bone. Its animal matter, 
however, a mou nts only to about 2 or 3 
per cent., and does not yield gelatin on 
boiling. According to Tomes it contains 
no animal matter at all. Gelatin is a 
characteristic product of connective tissue, 


Fig. 96.—Thin wotion of the 
enamel, and a part of the 
dentine. a, cutioular 
pellicle of the enamel 
(Naamytli’s membrane); 
b, enamel columns with 
Assures between them 
and cross striie; c, larger 
cavities in the enamel, 
communicating with the 
extremities of some of 
the dentinal tubules (d). 
K 350. (Kolliker.) 


and enamel is not a connective tissue, but 
is epithelial in ori gin. 

Examined under the microscope, enamel 
is found composed of Sjiv-sitlorl pyjpmR (figs. 
95> 96) -gunny °f an inch in diameter, 
which are set on end on the surface of the 
dentine, and fit into corresponding depres¬ 
sions in the same. 


They radiate in such a manner from the 
dentine that at the top of the tooth they are more or less vertical, 
while towards the sides they tend to the horizontal direction. 
Like the dentine tubules, they are not straight, b ut disposed i n 
wavy and. parallel curves. The prisms are marked by„ transverse 

linCB| fl-W “pip 


The enamel-prisms are connected together by a very minute 
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quantity of hyaline 
cement substance. In 
the deeper part of the 
enamel, between the 
prisms, are often small 
lacunae, which have the 
processes or fibrils of the 
dentinal tubes in con¬ 
nection with them (fig. 
96, c). 


Crusta Petrosa. 

- The crusta petrosa, or 
cement (fig. 94, e, d), is 
composed of true bone, 
and in it are lacuna} (/) 
and eanaliculi (<7), which 
sometimes communicate 
with the outer finely 
branched ends of the 
dentinal tubules, and 
generally with the inter- 
globular spaces. Its 
laminm are bolted to¬ 
gether by perforating 
fibres like those of 
ordinaxy bone (Shar- 
pey’s fibres). .Cement 
iiSexS—frofiiL,., ordinary 
boue in possesshag „,no 
Haversian canals, or, 
if at all, only in the 
thickest part. Such 
canals are more often 
met with in teeth with 
the cement hypertro¬ 
phied than in the normal 
tooth. 



Fig. 97.—Section of the upper jaw of a foetal sheep. 
A.—1, common enamel germ clipping down into 
the mucous membrane; 2, palatine process of 

t aw ; 3, Rete Malpighi. B.—Section similar to A, 
lut passing through one of the special enamel 

g erms here becoming flask-shaped j c, c'. epithe- 
um of mouth; /, neck; /', body of special 
. enamel germ. C.—A later Htage; c, outline of 
‘ epithelium of gum; /, neck of enamel germ; 
JT, enamel organ; p. papilla; 3, dental sac form¬ 
ing ; J'p, the enamel germ of permanent tooth; 
m, bone of jaw; v, vessels cut across. (Waldeyer 
and Kolliker.). 


Development o: 


t 


the Teeth.. 


The first step in the development of the teeth consists in a 
downward growth (fig. 97, a, i) from the deeper layer of stratified 
epithelium of the mucous membrane of the mouth, which first 
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becomes thickened in the neighbourhood of the maxillae or jawB 
now in the course of formation. This process passes downward 
into a recess of the imperfectly developed tissue of the embryonic 
jaw. The downward epithelial growth forms the common enamel 
or dental germ, and its position is indicated by a slight groove in 
the mucous membrane of the jaw^fThe next step in the process 
consists in the elongation downward of the enamel groove and 
of th,p enamel germ and the inclination outward of the deeper 
part (fig. 97, b, /'), which is now inclined at an angle with the 
upper portion or neck (/), and has become bulbous. After this 
there is an increased development at certain points corresponding 
to the situations of the future milk-teeth. The common enamel 
germ becomes extended by further growth into a number of 

special enamel germs corre¬ 
sponding to each of the 
above-mentioned milk teeth, 
and connected to the com¬ 
mon germ by a narrow 
neck. Each tooth is thus, 
placed in its own special 
recess in the embryonic jaw 
(%• 97 > 

As these changes pro¬ 
ceed, there grows up from 
the underlying connective 
tissue into each enamel 
germ (fig. 97, c, p), a dis¬ 
tinct vascular papilla ( den¬ 
tal papilla ), and upon it 
the enamel germ becomes 
moulded, and presents the 
appearance of a cap of 
two layers of epithelium separated by an’interval (fig. 97, c, /'). 
Whilst part of the sub-epithelial tissue is elevated to form the 
dental papilla, the part which bounds the embryonic teeth 
forms the dental sac (fig. 97, c, «); and the rudiment of the 
jaw sends up processes forming partitions between the teeth. 
In this way small chambers are produced in which the dental 
sacs are contained, and thus the sockets of the teeth are formed. 
The papilla is composed of nucleated cells arranged in j a m esh- 
work, the outer or peripheral part being covered with a layer of 
coluninar nucleated cells called odontoblasts. The odontoblasts 
form the dentine, while the remainder of the papilla forms the 
todth-pulp. 



Fig. 98.—Part of section of developing tooth of a 
young rat, showing the mode of deposition of 
the dentine. Highly magnified. «, outer layer 
of fully formed dentine; b, uncalcifled matrix 
with one or two nodules of calcareous matter 
near the ealcifled parts; c, odontoblasts send¬ 
ing processes into the dentine; d, pulp; 
e, fusiform or wedge-shape colls found between 
odontoblasts; /, stellate (sells of pulp in fibrous 
connective tissue. The section is stained with 
carmine, which colours the uncalcifled matrix 
but not the ealcifled part. (E. A. Schiifer.) 
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The method of the formation of the dentine byN;he odontoblasts 
is given in Quain’s Anatomy as follows :— 

These cells, either by secretion, or as some think by direct 
transformation of the outer part of each, form a layer of dentinal 
matrix on the apex of the papilla, or 'if the tooth has more 
than one cusp then at the apex of each cusp. This layer is 
first unc alcified (odontoaen \ but globules of calcareous matter 
soon appear in it. These, 
becoming more numerous, 
blend into the first cap of 
dentine. In the mean¬ 
while the odontoblasts have 
formed a second layer of 
odontogen within this (fig. 

98), and this in turn be¬ 
comes calcified ; thus layer 
after layer is formed, each 
extending laterally further 
than its predecessor; the 
layers blend except in some 
places; here portions of 
odontogen remain, which 
in a tooth macerated for 
histological purposes get 
destroyed, and appear as 
the i nterc/lobular spac es 
(fig. 94), so called because 
bounded by the deposit Of 
calcareous salts, which 
occurs, as we have already 
seen, in the form of globules. 

As the odontoblasts re¬ 
tire towards the centre, 
depositing layer after layer 
of dentine, they leave 
behind them long filaments of their protoplasm around which the 
calcareous deposit is moulded; thus the dentinal tubules occupied 
by the processes of the odontoblasts are formed. 

The other cells of the dental papilla form the cells of the 
pulp. 

Formation of the enamel. —The portion of the enamel or dental 
germ that covers the dental papilla is at this stage called the 
enamel organ. This consists of four parts (see figs. 99 and 
100):— 



Fig. 99.—Vertical transverse section of the dental 
sac, pulp, &c. of a kitten, a, dental papilla 
or pulp; b, the cap of dentine formea upon 
the summit; e, its covering of enamel; d, inner 
layer of epithelium of the enamel organ; 
e, gelatinous tissue; /, outer epithelial layer 
of the enamel organ; g, inner layer, and h, 
outer layer of dental sac. x 14. (Thiersch.) 
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1. A layer of columnar epithelium cells in contact with the 
dentine. Those are called the enam el cells, or adamanto- 
blasts . 

2. Two or three layers of smaller polyhedral nucleated cells, 
the stratum intermedium of Hannover. 



Fig. 100.—Highly magnified view of a piece of the enamel organ in a kitten’s canine. 

d, superficial layer of dentine, e, newly formed enamel Btained black by osmie acid. 

T, Tomes’ processes from the adamantoblasts, ad .; Hr. ini., stratum intermedium of 

the enamel organ, p, branched cells of the enamel pulp, (ltose.) 

3. A matrix of non-vascular jelly-like tissue containing stellate 
cells. 

4. An outer membrane of several layers of flattened epithelium 
cells. 

The first three layers on an enlarged scale are seen in Fig. 
100. 

The enamel prisms are formed by the agency of the ends of 
the adamantoblasts which abut on the dental papilla. Each 
forms a fine deposit of globules staining with osmic acid and 
resembling keratin in its resistance to mineral acid. At one 
time it was believed that each adamantoblast was itself calcified 
and converted into an enamel prism, but this view has been 
disproved by recent research. The layer of keratin-like material 
is outside the bodies of the cells, although a process of each 
adamantoblast extends into it as a tapering fibre (pr ocess of 
Tnmr 1 ) and it is usually produced simultaneously with the first 
layer of uncalcified dentine ; when it undergoes calcification, the 
first layer of enamel is complete. The adamantoblasts then 
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repeat the process, first causing a deposition of keratin-like 
material, and this in turn is calcified, and so on. During the 
formation of layer after layer of enamel, the adamantoblasts 
retire. By the time the enamel is approaching completion the 
other layers of the enamel organ have‘almost disappeared, and 
they entirely disappear when the tooth emerges through the gum. 
But for some little time there is a somewhat more persistent mem¬ 
brane covering the crown ; this is Nasmyth's memb rane, outlie 
en amelj?‘tilde this is. the last formed keratinous layer of enamel 
which has remained uncalcified. 

As with the dentine, the formation of enamel appears first on 
the apex of each cusp. 

The cement, or crust a petrosa is formed from the internal tissue 
of the tooth sac, the structure and function of which are identical 
with those of the osteogenetic layer of the periosteum ; or, in other 
words, ossification in membrane occurs in it. 

The outer layer or portion of the membrane of the tooth sac 
forms the dental periosteum. 

This periosteum, when the tooth is fully formed, is not only 
a means of attachment of the tooth to its socket, but also in con¬ 
junction with the pulp a source of nourishment to it. Additional 
lamina) of cement are added to the root from time to time during 
the life of the tooth (as is especially well seen in the abnormal con¬ 
dition called an exostosis), by the process of ossification taking place 
in the periosteum. On the other hand, absorption of the root 
(such as occurs when the milk-teeth are shed) is due to the action 
of the osteoclasts of the same'membrane. 

In this manner the first set of teeth, or the milk-teeth, are 
formed; and each tooth, as it grows, presses at length on the wall 
of the sac enclosing it, and, causing its absorption, is cut, to use a 
familiar phrase. 

The temporary or milk-teeth are later replaced by the growth 
of the permanent teeth, which push their way up from beneath 
them. 

Each temporary tooth is replaced by a tooth of the permanent 
set which is developed from a small sac which was originally an 
offshoot from the sac of the temporary tooth which precedes it, 
and called the cavity of reserve (fig. 98, c, fp). Thus the tem¬ 
porary incisors and canines are succeeded by the corresponding! 
permanent ones, the temporary first molar by the first bicuspid ; 
the temporary second molar developes two offshoots, one for the 
second bicuspid, the other for the permanent first molar. The 
permanent second molar is budded off from the first permanent 
molar, and the wisdom from the permanent second molar. 

K.P. 


o 
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The development of the temporary teeth commences about the 
sixth week of intra-uterine life, after the laying down of the bony 
structure of the jaws. Their permanent successors begin to form 
about the sixteenth week of intra-uterine life. The second 
permanent molars originate about the third month after birth, 
and the wisdom teeth about the third year. 


The Blood. 


A full consideration of the blood will come later, when we 
know more about the chemical aspects of physiology, but it 
will be impossible to discuss all the other phenomena we shall 
have to study in the meanwhile without some elementary 
knowledge of the principal properties of this fluid. For 
that reason, and also to complete our list of the connective 
tissues, we may here rapidly and briefly enumerate its principal 
characters. 

The blood is a fluid which holds in suspension large numbers 
of ffolid particle s .which are nailed the corpuscles. The fluid 
.itself is. called, Jh.e ..plasma. or liquor sanguinis. Ft is a richly 
albuminous fluid; and one of the proteids in it is called 
fibrinogen. 

After blood is shed it rapidly becomes viscous, and then sets 
into a jelly. The jelly contracts and squeezes out of the clot 
a straw-coloured fluid called serum , in which the shrunken clot 
then floats. 

The formation of threads of a solid proteid called fibrin from 
the soluble proteid wo have called fibrinogen is the essential 
act of coagulation; this, with the corpuscles it entangles, is called 
the clot. Serum is plasma min us fib rin. The following scheme 
shows the relationships of the constituents of the blood at a 
glance :— 


Blood 


( Plasma 
| Corpuscles 


f Serum 
\ Fibrin 


Clot. 


The c orpu scles are of two chief kinds, t he red and the wh ite . 
The white corpuscles are typical animal, cells, and we have 
already made their acquaintance when speaking about amoeboid 
movements. 

The red corpuscles are much more numerous than the white, 
averaging in man 5,000,000 per cubic millimetre, or 400 to 500 
red to each white corpuscle. It is these red corpuscles that give 
the red colour to the blood. They vary in size and structure in 
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different groups of the vertebrates. In mammals they are bi¬ 
concave (except in the camel tribe, where they are biconvex) 
non-nucleated discs, in man 3 inch in diameter ; duriug.ioetal 
life nu cleat edJced.ctM'.nnscles are, however, found. In birds, reptiles, 
amphibians and fishes they are biconvex T>val discs with a nucleus : 
they are largest in the amphibia. The most important and 
abundant of the constituents of the red corpuscles is the pigment 
which is called h aemo globin. This is a proteid-like substance, 
but is remarkable as containing a small amount of iron (less 
than o‘5 per cent.). 

The blood during .life is in constant movement. It leaves tli^, 1 
heart by the vessels called arteries, and returns to the heart by 
the vessels called veins ; the terminations of the arteries and the 
commencements of the veins are, in the tissues, connected by the 
thin-walled microscopic vessels called capillaries. In the capil¬ 
laries, leakage of the blood-plasma occurs ; this exuded fluid 
carries nutriment from the blood to the tissue-elements, and 
removes from them the waste products of their activity. The 
lymph is collected by lymphatic vessels, which converge to the 
main lymphatic, called the thoracic duct. This opens into the 
large veins near to their entrance into the heart; aud thus the 
lymph is returned to the blood. 

But blood is also a carrier of oxygen, and it is the pigment 
haemoglobin which is the oxygen carrier; in the lungs the 
haemoglobin combines with the oxygen of the air, and forms a 
loose compound of a bright scarlet colour called o xvh.ee/moglolcin. 
This arterial or oxygenated blood is taken to the heart and thence 
propelled by the arteries all over the body, where the tissues take 
the respiratory oxygen from the haemoglobin, and this removal of 
oxygen changes the colour of blood to the b luish-rod 
in the veins. The veins take the blood minus a large quantity 
of oxygen and plus a large quantify of carbonic acid received in 
exchange from the tissues to the heart, which sends it to the 
lungs to get rid of its surplus carbonic acid, and replenish its 
store of oxygen; then the same round begins over again. 





8 4 


MUSCULAR TISSUE. 


[CH. VI. 


CHAPTER VI. 

MUSCULAR TISSUE. 

Muscle is popularly known as flesh. It possesses the pow'er of 
contraction, and is, in the higher animals, the tissue by which 
their movements are executed. The muscles may be divided 
from a physiological standpoint into two great classes, the vohm - 
tar#,nm$elgs, .these which ...Are-under, the. control of^ the ..will, and 
the involuntary muscles, those which are no t. The contraction 
of-the involuntary muscles is, however, controlled by the nervous 
system, only by a different part of the nervous system from that 
which controls the activity of the Voluntary muscles. 

When muscular tissue is examined with the microscope, it is 
seen to be made up of small elongated thread-like structures, 
which are called muscula r fibr es ; these are bound into bundles by 
connective tissue, and in the involuntary muscles there is in 
addition a certain amount of cement substance, stainable by nitrate 
of silver, between the fibres. 

The muscular fibres are not all alike ; those of t he voluntary 
nmscles are seen by the microscope to be m arke d by alter nat e 
dark and light stripings or striations; these are called trans¬ 
versely' striated muscular fibres. The i nvoluntar y fibres have 
not got these markings as a rule. There is one important 
exception to this rule, namely, in the case of the heart, the 
muscular fibres of which are involuntary, but transversely 
striated. There are, however, histological differences between 
cardiac muscle and the ordinary voluntary striated muscles. 
The unstriated involuntary muscular fibres found in the walls of 
the stomach, intestine, bladder, blood-vessels, uterus, and other 
contractile organs are generally spoken of as plain muscular 

From the histological standpoint there are, therefore, three 
varieties of muscular fibres found in the body of the higher 
animals : transversely striated, cardiac, and plain muscular fibres. 
The relationship of this histological classification to the physio¬ 
logical classification into voluntary and involuntary is shown in 
the following table :— 

1. Transversely striated muscular fibres : 

a. In skeletal muscle .... Voluntary. 

b. In cardiac muscle 

2. Plain muscular fibres : 

In blood-vessels, 
bladder, etc. 


intestine, uterus. 


>Involuntary. 


:) 
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All kinds of muscular tissue are therefore composed of fibres, 
but the fibres are essentially different from those we have hitherto 
studied in the connective tissues. There, it will be remembered,: 
the fibres are developed between the cells; here, in muscle, thei 
fibres are developed from the cells; that? is, the cells themselves' 
become elongated to fornTWe muscular fibres. 

Voluntary Muscle. 

The volun tary muscles are those which are sometimes called 
skeletal , constitut ing tti n.-whole of .the...muscular apparatus 
attached to the bones.* 

Each muscle is enclosed in a sheath of areolar tissue, called the 
Ejmngsium ; this sends in partitions, or septa, dividing off the 
fibres into fasciculi, or bundles; the sheath of each bundle may 
be called the Perimysium. Between the individual fibres is a 
small amount of loose areolar tissue, called the Endomysium. 
The blood-vessels and nerves for the muscle are distributed in 
this areolar tissue. 

The fibres vary in thickness and length a good deal, but they 



Fig. iox. —A branched muscular fibre from the frog’s tongue. (Kolliker.) 

average s inch in diameter, and about i inch in length. Each 
fibre is cylindrical in shape, with rounded ends ; many become pro¬ 
longed into tendon bundles (fig. no), by which the muscle is at¬ 
tached to bone. As a rule they are unbranched, but the muscles 
of the face and tongue divide into numerous%rauehes before being 
inserted - to the under surface of the skihTor mucous membrane. 
The fibres in these situations are also finer than in the majority 
of the voluntary muscles. Each fibre consists of a sheath, called 

* The muscular fibres of the pharynx, part of the oesophagus, and of the 
muscles of the internal ear, though not under the control of the will, have 
the same structure as the voluntary muscular fibres. 
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the sar'colem nia, enclosing a soft material called the contractile 
substance. The sarcolemma is homogene ous, elastic .. in. na t ur e-, 
and especially tough in fish and amphibia. It may readily be 
demonstrated in a microscopic preparation of fresh muscular fibres 
by applying gentle pressure to the cover slip ; the contractile sub¬ 
stance is thereby ruptured, leaving the sarcolemma bridging the 
space (fig. 102). To the sarcolemma are seen adhering some nuclei. 

The con tractile substance within the sheath is made up of 
alternate disc s of dar k _and light sub stance. 

^ Muscular fibres also contain oval nuclei. In ma mmalian 
muscle these are situated just beneath the sarcolemma; but in 
frog’s muscle they occur also in the thickness of the muscular 
•fibre. The chromoplasm of the nucleus has generally a spiral 



Fig. joa.—Muscular fibre tom ucjokh, the 
Harcolemma still connecting the two 
parts of the fibre. (Todd and Bow¬ 
man.) 


®tI®M 
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Fig. 103.—Muscular fibre'of 
a mammal highly mag¬ 
nified. The surface of 
the fibre is accurately 
focussed. (Schiifer.) 


arrangement, and often there is a little granular protoplasm (well 
seen in the muscular fibres of the diaphragm) around each pole of 
the nucleus. 

The foregoing facts can be made out with a low power of the 
microscope; on examining muscular fibres with a high power 
other details can be seen. Treatment with different reagents 
brings out still further points of structure. These are differently 
described and differently interpreted by different histologists; and 
perhaps no subject in the whole of microscopic anatomy has been 
more keenly debated than the structure of a muscular fibre, and 
the meaning of the changes that occur when it contracts. A 
good deal of the difficulty has doubtless arisen from the fact that 
a muscular fibre is cylindrical, and if one focusses the surface one 
gets different optical effects from those obtained by focussing deep 
ip the substance of the fibre. I shall, in the following account of 
the intimate structure of striated muscle, adhere very closely to 
the writings of Professor Schafer. 
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If the surface is carefully focussed rows of apparent granules! 
are seen lying at the boundaries of the light streaks, and fine 
longitudinal lines passing through the dark streaks may be| 
detected uniting the apparent granules (fig. 103). 

In specimens treated with dilute aciSs or gold chloride, thej 
granules are seen to be connected side by side, or transversely! 
also. This reticulum, with its longitudinal and transverse meshes/ 
was at one time considered to be the essential contractile 
portion of the muscular fibre; it was thought that on contraction 
the transverse networks, with their enlargements, the granules, 
became increased by the longitudinal strands diminishing in 



Fig. 104.—Portion of muHcle-fibie of 
■water-beetle, showing network 
very plainly. One pf the transverse 
networks is split off, and some of 
the longitudinal bars are shown 
broken off. (After Melland.)' 



Fig. 105.—Transverse section through 
muscular fibres of human tongue. 
The nuclei are deeply stained, 
situated at the inside of the sar- 
colemma. Each muscle fibre 
shows “ Cohnheint’s areas.” 
x 450. (Klein and Noble Smith.) 


length and running into them. Most histologists have rejected 
this idea, and regard the network as mere interstitial substance 
lying between the essentially contractile portions of the muscle. 

A fiKi-n la t-.hnH murjo up nf what, dm unrinnnly ^0)^ 

'inusrle^c.nfomns or sarcostyl es; and the longit udinal inter- 
stiSal substance with cross networks comprising the reticulnni just 
r eferred io^ Ts called sarcoplasm . By the use of certain reagents, 
such as osmic acid or aTcoliol, the muscle-columns or sarcostyles 
may be completely separated from one another. 

A transverse section, of a muscular fibre (fig. 105) shows the 
sections of these sarcostyles ; the interstitial sarcoplasm is repre¬ 
sented as white in the drawing. The angular fields separated 
by sarcoplasm may still be called by their old name, areas of 
Cohnheim, 
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If, instead of focussing the surface of a fibre, it is observed in 
its depth, a fine dotted line is seen bisecting each light stripe ; 
this has been variously termed Dobje’s line , or Krause’s membrane. 
At one time this was believed to be an actual membrane con¬ 
tinuous with the sarcolomma. It is probably very largely an 
optical effect, caused by light being transmitted between discs 
of different refraugibility. 

If cross membranes do exist they are not very resistant; this 
was well shown by an accidental observation first made by Kiihne, 



Fig. 106.— A. Vurtion of a medium-Hizod human muscular ttbro. X 800. H. Separated 
bundles of fibrils equally magnified ; n. «, huger, anti h, h, smaller oollections; e, still 
smaller; it, it, tint smallest which could be detached, possibly representing a single 
series of sareous elements. (Sliarpey.) 


and subsequently seen by others. A minute thread-worm, called 
the M>/orectes, was observed crawling up the interior of the con¬ 
tractile substance of a muscular fibre ; it crawled without any 
opposition from membranes, and the track it left, closed up slowly 
behind It. without interfering with the normal cross-striations of 
the contractile substance. This observation strikingly illustrates, 
the fact that the contractile substance in a muscular fibre is 
fluid, but only semi-fluid, as the closing of its track occurs slowly 
as a hole always closes in a viscous material. 

Another appearance which is sometimes seen is a fine, clear line 
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running across the fibre in the middle of each dark baud. It is 
called Jlensen’s line. 

A muscular fibre may not only be broken up into fibrils or 
muscle-columns, but under the influence of some reagents like 
dilute hydrochloric acid, it can be broken up into discs, the 
cleavage occurring in the centre of each light stripe. Bowman, 
the earliest to study muscular fibres with profitable results, con¬ 
cluded that the subdivision of a fibre into fibrils was a phenomenon 
of the same kind as the cross cleavage into discs. He considered 
that both were artificially produced by a separation in one or the 
other direction of particles of the fibre he called “ sarcous ele¬ 
ments.” The cleavage into discs is however much rarer than the 
separation into fibrils ; indeed, indications of the fibrils are seen in 
perfectly fresh muscle before any reagent has been added, and 
this is markedly evident in the wing muscles of many insects. It 
is now believed that a muscular fibre is built up of contiguous 
fibrils or sarcostyles, while cleavage into discs is a purely artificial 
phenomenon. 

Haycraft, who has recently investigated the question of muscu¬ 
lar structure, has arrived at the conclusion that the cross striatipjj, 
is entirely due to optical ..phenomena. The sarcostyles are vari¬ 
cose, and'where they are enlarged different refractive effects will 
be produced from those caused by the intermediate narrow por¬ 
tions. This view he has very. ingeniously supported by taking 
negative casts of muscular fibres by pressing them on to the sur¬ 
face of collodion films. The collodion cast shows alternate dark 
and light bands like the muscular fibres. 

Schafer is unable to accept this view ; he regards the substance 
of the sareostyle in its dark stripes as being of different composi 
tion, and not merely of different diameter, from the sareostyle in 
the region of the light stripes; it certainly stains very differently 
with many reagents, especially chloride of gold. His views regard¬ 
ing the intimate structure of a sareostyle have been worked out 
chiefly in the wing muscles of insects, where the sai'costyles are 
separated by a considerable quantity of interstitial sarcoplasm, 
and a brief summary of his conclusions is as follows :— 

Each_8arcqs.tyleJs.^ubdivided. iu.the. middle of each light stripe 
by transverse lines (membranes of Krause) into successive por¬ 
tions, which may be termed sarcomeres. Each sarcomere'is occu¬ 
pied by a portion of the dark stripe of the whole fibre; this 
portion Of the dark stripe may be called a sarcous element .* The 

* Notice that this expression has a different meaning from what it 
originally had when used by Bowman. 
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sarcous element is really double, and in the stretched fibre 
(fig. 107B) separates into two A.t lin« nf TTfipaan At either 
end of the sarcous element is a clear interval separating it from 
Krause’s membrane; this clear interval is more evident in the. 
extended sarcomere (fig* 107B), but diminishes on contraction 
(fig. 107A), The cause of this is to be found in the structure of 
the sarcous element. It is pervaded with longitudinal canals or 
pores open towards Krause’s membrane, but closed at Hensen’s 


A’ B C 



Ffr. 107.—Sarcostyles from the wing-muscles 
of a wasp. 

A, A.'. Sarcostyles showing degrees of con¬ 
traction. 

b. A sarcostyle extended with the sarcous 

elements separated into two parts. 

c. Sarcostylea moderately extended (semidia- 

grammatic). (E. A. Schafer.) 



Fig. 108.—Diagram of a sarcomere 
in a moderately extended 
condition, a, and in a con¬ 
tracted condition, b. 

jc, k, Krause's membranes; n, 
plane of Hensen; b.e., 
poriferous sarcous ele¬ 
ment. (E. A. Schafer.) 


line. In the contracted muscle the clear part of the muscle sub¬ 
stance passes into these pores, disappears from view to a great 
extent, swells up the sarcous element, widens it and shortens the 
sarcomere. In the extended muscle, on the other hand, the clear 
substance passes out from the pores of the sarcous element, and 
lies between it and the membrane of Krause ; this lengthens and 
narrows the sarcomere. This is. shown in the diagrams. It 
may be added that the sarcous element does not lie free in the 
middle of the sarcomere, but is attached at the sides to a fine 
enclosing envelope, and at either end to Krause’s membrane by 
fine lines running through the clear substance (fig. 108). 

This view is interesting, because it brings into harmony amoe¬ 
boid, ciliary, and muscular movement. In all three instances we 
have protoplasm composed of two materials, spongioplasm and| 
hyaloplasm. In amoeboid movement the irregular arrangement on 
the spongioplasm allows the hyaloplasm to flow in and out of itl 
in any direction. In ciliary movement the flow is limited by the* 
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arrangement of the spongioplasm to one direction; hence the 
limitation of the movement in one direction (see p. 33). In 
muscle, also, the definite arrangement of the spongioplasm (repre¬ 
sented by the sarcous element) in a longitudinal direction directs 
the movement of the hyaloplasm (represented by the clear sub-- 



Fig 109.—Wave of contraction passing over a muscular fibre of water-beetle, a, a, por¬ 
tions of the fibre at reet; c, contracted part; i, i, intermediate condition. (Schifer.) 

stance of the light stripe), so that it must flow either in or out in^ 
that particular direction. The muscular fibre is made up of 
sarcostyles and the sarcostyle of sarcomeres. The contraction of 
the whole muscle is only the sum total of the contraction of all 
the constituent sarcomeres; 

In an ordinary muscular fibre it is stated tha,t when it jcon- 
towts, not only does it become thicker and shorter, but the light 








92 


MOSCULAR TISSUE. 


[CH. VI. 


strip es become dark and the dark stripes light. This again is 
only an o ptical illusi on, and is produced by the alterations in the 
' shape of the sarcostyles, affecting the 



sarcoplasm that lies between them. 
• When the sareous elements swell during 
contraction, the sarcoplasm accumulates 



big'. r i i. - Three muscular fibres 
running longitudinally, and 
two bundles of fibres in 
transverse section, M. from 
the tongue. The capillaries, 
(are injeeted. x 150. (Klein 
and Noble Smith.) 


opposite the membranes of Krause, and 
diminishes in amount opposite the sar- 


Fig. 110. — Termination of a 
muscular fibre in a tendon- 
bundle. m, sareolemma; ■«, 
the same passing over the 
end of bundle; p, extremity 
of muscular substanee 


cous elements ; the accumulation of sar¬ 
coplasm in the previously light stripes 
makes them appear darker by contrast 
than the dark stripes proper. This 


retracted from the end of 
sareolemma tube; l, ten¬ 
don bundle fixed to sarco- 
letnma. (Kanvier.) 


is very well shown in fig. 109. There 
is no true reversal of the stripings in the 
sarcostyles themselves. 


That this is the case can be seen very well when a muscular fibre is examined 
with polarised light. A polarising microscope contains a Nieol’s prism 
beneath the stage of the microscope which polarises the light passing through 
the object placed on the stage. The eve-piece contains another Nicol’s 
prism, which, detects this fact. If the two Nicola are parallel, the light 
passing through the first passes also through t.he second ; but if the second 
is at right angles to the first, the light cannot traverse it and the field 
appears dark.' If an object on the microscope stage is doubly refracting it 
will appear bright in this dark field ; if it remains dark it is singly refract¬ 
ing. The sarcoplasm is singly refracting or isotropous ; it remains dark in 
the dark field of the polarising microscope. The muscle columns or sarco¬ 
styles are in great measure doubly refracting or anisotropous, and appear 
bright in the dark field of the polarising microscope. The sarcostyle, how- 
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ever, is not wholly doubly refracting ; the sarcous elements are doubly 
refracting, and the clear intervals are singly refracting. On contraction 
there is no reversal of these appearances, though of course the relative 
thickness of the singly refracting intervals varies inversely with that of the 
doubly refracting sarcous elements. 

Ending of Muscle in Tendon. —A tendon-bundle passes to each 
muscular fibre, and becomes firmly united to the sarcolemma. 
The areolar tissue between the tendon-bundles becomes also con¬ 
tinuous with that between the muscular fibres. 

Blood-vessels of Muscle .—The arteries break up into capillaries, 
which run longitudinally in the endomysiiun, transverse branches 
connecting them. No blood-vessels ever penetrate the sarco¬ 
lemma. The muscular fibres are thus, like other tissues, nourished 
by the exudation from the blood called lymph. The lymph is 
removed by lymphatic vessels found in the perimysium. 

The nerves of voluntary muscle pierce the sarcolemma, and ter¬ 
minate in expansions called end-plates, to be described later on. 

Bed Muscles. 

In many animals, such as the rabbit, and some fishes, most of 
the muscles are pale, but some few (like the diaphragm, crureus, 
soleus, semi-membranosus in the rabbit) are red. These muscles 
contract more slowly than the pale muscles, and their red tint is 
due to haemoglobin contained within their contractile substance. 

In addition to these physiological distinctions, there are histo¬ 
logical differences between them and ordinary striped muscle. 
These histological differences are the following:— 

1. Their muscular fibres arc thinner. 

2. They have more sarcoplasm. 

3. Longitudinal striation is more distinct. 

4. Transverse striation is more irregular than usual. 

5. Their nuclei are situated not only under the sarcolemma, 
but also in the thickness of the fibre. 

6. The transverse loops of the capillary network are dilated 
into little reservoirs, far beyond the size of ordinary capillaries. 

Cardiac Muscle. 

The muscular fibres of the heart, unlike those of most of the 
involuutary muscles, are striated; but although, in this respect, 
they resemble the skeletal muscles, they have distinguishing 
characteristics .of their owfi. The fibres which lie side by side are 
bnjt gd at f requent int ervals by short. branches (fig. 112). The 
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fibres are smaller than those of the ordinary striated muscles, and 
their transverse striation is less marked. No sarcolemma can be 
discerned. One nucleus is situated in the middle of the substance of 



Fig. 112. —Muscular fibre cells from the heart. (E. A. Schafer.) 

each fibre. At the junctions of the fibres there is a certain amount 
of cementing material, stainable by silver nitrate. 

Plain Muscle. 


Plain muscle forms the proper muscular coats (i.) of the digestive 
canal from the middle of the oesophagus to the internal sphincter 
ani; (2.) of the ureters and urinary bladder; (3.) of the trachea 
and bronchi ; (4.) of the ducts of glands ; (5.) of the gall-bladder; 
(6.) of the vesiculte scminalcs; (7.) of the uterus and Fallopian 
tubes ; (8.) of blood-vessels and lymphatics ; (9.) of the iris, and 
ciliary muscle of the eye. This form of tissue also enters largely 
into the composition (10.) of the tunica dartos, the contraction of 
which is the principal cause of the wrinkling and contraction of 
the scrotum on exposure to cold. It occurs also in the skin 
generally, being found both in the secreting part of the sweat 
glands and in small bundles attached to the hair follicles; it also 
occurs in the areola of the nipple. It is composed of long, fusi¬ 
form cells (fig. 113), which vary in length, £rut~are~not as a.-rule 
more than -gfo inch long. Each cell has an oval or rod-shaped 
yncleus. The cell substance is longitudinally but not transversely 
striated. Each cell or fibre, as it may also be termed, has a deli¬ 
cate sheath. The fibres are collected into fasciculi, and united 
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by ceme nting material, which can be stained by silver nitrate. 
ThisTmt'ercellular substance is bridged across by fine filaments 
passing from cell to cell. 

The nerves in involuntary muscle (both cardiac and plain) do 




Fig. ii.i.—Muscular fibre-cells from the muscular coat of intestine—highly magnified. 

Note the longitudinal striation, and in the broken fibre the sheath is visible. 

not terminate in end-plates, but by plexuses or networks, which 
ramify between and around the muscular fibres. 

Development of Muscular Fibres. 

All m uscular fibres (except those of the sweat, glands, which 
axiL»epiblastic) origmalg'jFrpm the mesqblast. The plain fibres 
are MmpTjTlHbngated cells in_ which the nucleus becomes rod- 
shaped. In cardiac muscle, the likeness to the original cells 
from which the fibres are formed is not altogether lost, and in 
certain situations (immediately beneath the lining membrane of 
the ventricles) there are found peculiar fibres called after their 
discoverer Purkinie’g fibres ;. these are large clear quadrangula r 
c ells with granular protoplasm containing several nuclei in t he 
ce ntre, and striated at t he margin . It appears that the differen¬ 
tiation of these cells isarresteu at an early stage, though they 
continue to grow in size. 

Voluntary muscular fibres are developed from cells which be- 
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per ipheral n ervou s svBtcm consists of the nerves, which conduct 
t he impulses to and from the central nervous system, and thus 
bnng the nerve centres into relationship with other parts of the 
body. 

Some of the. nerves conduct i mpulses* from the nerve-centres 
and are called effere nt; ttIose" which conduct impulses m the 
opposite direction are called afferent. When one wishes to 



i’ig. 115.—Two nerve-fibres of 
sciatic nerve, a. Node of 
Itanvier. 11. Axis-cylinder, 
c. Sheath of Schwann, with 
nuclei. Medullary sheath is. 
not stained, x 300. (Klein 
and Noble Smith.) . 



Fig. 1x6.—Axis 
cylinder, high¬ 
ly magnified, 
showing its 
component 
fibres. 

(M. Schultze.) 


move the hand, the nervous impulse starts in the brain and 
passes down the efferent, or motor nerve s to the muscles of 
the hand, which contract; when one feels pain in the hand, 

nerves convey an impulse to the brain 
which is there interpre ted, as a sensation . If all the nerves 
going to the hand are cut through" 11 "ffi communication with 
the nerve-centres is destroyed, and the hand loses the power of 
moving under the influence of the will, and the brain receives 
no impulses from the hand, or as we say the hand has lost sensi¬ 
bility. 

This distinction between efferent and afferent nerves is a 
physiological one, which we shall work out more thoroughly later 
°n. No histological distinction can bo made out between motor 
and sensory nerves, and it is histological structure which we 
k.p. H 
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wish to dwell upon in this chapter. 

nervous tissue is found 




Under the microscope 
to consist essentially of 


—t 


two elements, nerve-cells and nerve-jihres. 

The nerve-cells are contJrtTrBtfTIi ffie brain and 
spinal coiO, and in smaller collections of colls on 
the course of the nerves called ganglia. The par t 
of the nerve-centres containing cells is called gre% 
matte r. 

The nerve-fibres are contained in the nerves, 
and in the white matter of brain and spinal cord. 
The nerve -fibre&.arc long branches fromJhfi-.liexy.e- 
cells, which become sheathed in a manner to be 
immediately described. 

Nerve-cells differ in size, shape, and arrange¬ 
ment, and we shall discuss 
these fully when we get to 
the nerve-centres. For the 
present it will be convenient 
to confine ourselves to the 
nerve-fibres as they are found 
in a nerve. „ 

Nerve-fibres are of two his¬ 
tological kinds, 

non-medulla ted. Med nil ated 
TIBTTB'fltlfes^arc found in the 
white matter of the nerve- 
centres and in the nerves origi¬ 
nating from the brain and 
spinal cord. Non-medull atcd 
nerve-fibres are those which 
occur in the s vinnathetic ne rves. 

The medullated or white 
fibres are characterised by a 
sheath of white colour, fatty 
in nature, a nd stained blaclt 
-J 4 » 3 it Is 



U.117.—Nerve- 
Itm stained 
With osrriic 
add. (Key and 
Ketzius.) 


Fig. 118 .—A node of Ran- 
vier in a medullated 
nerve-fibre, viewed 
the ilted ullaj'i/ iueatn or, . white from above. Theme- 

substance of Schwann; this rapteS^rad thfpriiS- 
sheathes the essential.part of copiedTr^^dK^ 
the fibre which is a process and Retzius. x 750. 
from a nerve-cell, and is called 
th e axis cylind er. Outside the medullary sheath is 
a thin homogeneous membrane of elastic nature 
called the primitive sheath or neurilemma. 
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The axis c ylinder is a soft transparent thread in the middle 
of..the. Stay > it is made up of exceedingly fine fibrils which 
stain readily with gold chloride. The medullary sheath gives 
a characteristic double contour ancf tubular appearance to 
the fibre. It is inter rupted at regu l ar intervals know n as the 
The stretch of nerve between two nodes is 
called an inter-node , and in the middle of each inter-node is a 
nucleus which belongs to the primitive sheath. Besides these 
interruptions, a variable number of oblique clefts are also seen, 



Fig. 119.—Small branch of a muscular nerve of the frog, near its termination, showing 
divisions of the fibres. «, into two ; A, into three. X 350. (Kulliker.) 


dividing the sheath into medullary segments (fig. 117) ; but most 
if not all of these are produced artificially in the preparation of 
the specimen. 

3?he medullary sheath also co ntai ns a horny substance calle d 
Ji mrnkeratim. : the arrangement of this substance is in the form of 
a network or reticulum holding the fatty matter of the sheath in 
its meshes. The occurrence of horny matter in the epidermis, 
in the development of the enamel of teeth and in nerve is an 
interesting chemical reminder that all these tissues originate 
from the same embryonic layer, the epiblast. The fatty matter 
consists largely of lecithin, a phosphorised fat, arid cholesterin, a 
monatomic alcohol. We shall make a more intimate acquaint¬ 
ance with these chemical materials at a later stage in our 
studies. 

Near their terminations the nerve-fibres branch : the branching 
occurg at a node (fig. 119). 
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Staining with silver nitrate produces a peculiar appearance at 
the nodes, forming what is known as the crosses of Ranvitr. 

One limb of the cross is produced by the dark staining of 



Pig, i2o.— Several fibres of a bundle of medullated nerve-fibres acted upon 
by silver nitrate to show peculiar behaviour of nodes of Banvier, N, 
towards this reagent. The silver has penetrated at the nodes, and 
has stained the axis-cylinder, M, for a short distance. S, the white 
substance. (Klein and Noble Smith.) 


cement substance which occurs between the segments of the 
neurilemma; the other limb of the cross is due to the staining of 



Pig. I2i.— Transverse section of the sciatio nerve of a cat about x 100.—It consists of 
bundles ( funiculi ) of nerve-fibres ensheathed in a fibrous supporting capsule, epi- 
, tumrium, A ; each bundle has a special sheath (not sufficiently marked out from the 
epineurium in the figure) or perineurium B ; the nerve-fibres N/are separated from one 
another by endoneurivm ; L, lymph spaces ; Ar, artery; V, vein; FT fat. Somewhat 
diagrammatic. (V. D. Harris.) , 
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the axis cylinder in a number of minute transverse bands 
( From'inn’s lines), which is here not invested by any medullary 
sheath. 

The arrangement of the nerve-fibres in a nerve is best seen in 
a transverse section. 1 

The nerve is composed of a number of bundles or funiculi of 




Fig. i22.— Section across the second thoracic anterior root of the dog, stained with osmio 
• acid. (Gaskell.) 

nerve fibres by connective tissue. The sheath of the whole nerv e 
is called the epineurium ; that of the funiculi the perineurium ; 
that which passes between the fibres in a funiculus, the endo- 
neiirium (fig. 121). 

The size of the nerve fibres varies ; the largest fibres are found in 
the spinal nerves, where they are 14’4 to 19^ in diameter.* Others 
mixed with these measure i'8 to 3‘6p. These small nerve-fibres are 
the visceral nerves; they pass to sympathetic ganglia, whence 


* U — micro-millimetre = ^ millimetre. 
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they emerge as non-medullated fibres, and are distributed to in¬ 
voluntary muscle. They are well seen in sections stained by 
osraic acid, the black riugs being the stained medullary sheaths 
(fig. 122). 

The non-medullated fibres or fibres of Remak have no 
medullary sheath and are therefore devoid of the double contour 
of the medullated fibres, and are unaffected in appearance by 
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Fig. 123.—Grey, or non-medullated nerve-fibres. A. From a blanch of the olfactory- 
nerve of the sheep ; two dark-bordered or white fibres from the fifth pair are asso¬ 
ciated with the pale olfactory fibres. B. From the sympathetic nerve, x 450. (Max 
Schultze.) 

osmie acid. They consist of an axis cylinder covered by a 
nucleated, fibrillated sheath. They branch frequently. 

Though principally found in the sympathetic nerves, a few aro 
found in the spinal nerves mixed with the medullated fibres. 

Termination of Motor Nerves. 

In the voluntary muscles the nerve-fibres have special end 
organs called end-plates. The fibre branches two or three times 
(figs. 119, 124), and each branch goes to a muscular fibre. Here the 
neurilemma becomes continuous with the sarcolemma, the medul¬ 
lary sheath stops short, and the axis cylinder branches repeatedly. 
This ramification is embedded ip a layer of granular protoplasm 
containing numerous nuclei. Considerable variation in shape of 
the end plates occurs in different parts of the animal kingdom. 
Somewhat similar nerve-endings are seen in tendon; these 
however are doubtless sensory (figs. 125, 126). 

In the inyohuxtary muscles, the fibres which a re for the most, part 
non-medullated form compl icat ed plexuses near their termination. 
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The plexus of Auerbach between the muscular coats of the intestine 
is a typical case. Groups of nerve-cells will be noticed at the junc¬ 
tions of the fine nervous cords. From these plexuses fine branches 



1 %. 124.—From a preparation of the nerve-termination in the muscular 
fibres of a snake. «, End-plate seen only broad surfaced. 6, End- 
plate seen as narrow surface. (I.ingard and Klein.) 


pass off and bifurcate at frequent intervals, until at last ultimate 
fibrillsc are reached. These subdivisions of the axis cylinders 
do not anastomose with one another, but they come into close 



Pig. 125.—Termination of medullated 
nerve-fibres in tendon near the mus¬ 
cular insertion. (Golgi.) 



Fig. 126.—One of the reticulated end-plates 
of fig. 114, more highly magnified, a, 
medullated nerve-fibre; b, reticulated 
end-plates. (Golgi.) 


relationship with the involuntary muscular fibres; though some 
histologists have stated that they end in the nuclei of the muscular 
fibres, it is now believed that they do not pass into their interior. 
The terminations of sensory nerves are in some cases plexuses, 
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in others special end organs. We shall deal with these in our 
study of sensation. 



Fig. 127.—Plexus of Auerbach, between the two layers of the muscular coat of the 

intestine. (Cadiat.) 


Development of Nerve-fibres. 

A nerve-fibre is primarily an outgrowth from a nerve-cell, as is 
shown in the accompanying diagram. As a rule a nerve-cell only 



Fig. 128.—Multipolar nerve-cell from anterior bone of spinal oord; a, axis cylinder 

process. (Max Schultze.) 
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gives off one process which becomes the axis cylinder of a nerve- 
fibre. It acquires a medullary sheath when it passes into the 
white matter of the brain or spinal cord, and a primitive sheath 
when it leaves the nerve-centre and gets into the nerve. But at 
first the axis cylinder is not sheathed at all. 

The formation of the sheaths is still a matter of doubt, but 
the generally accepted opinion is that the primitive sheath is 
formed by cells which become flattened out and wrapped round 
the fibre end to end. These arc separated at the nodes by inter¬ 
cellular or cement substance stainable by silver nitrate (fig. 120). 
These cells are probably mesoblastic. The medullary sheath is 
formed according to some by a fatty change occurring in the 
parts of these same cells which are nearest to the axis cylinder, 
but it is more probable that it is formed from the peripheral 
layer of the axis cylinder; the presence of neurokeratin in it 
distinctly points to an epiblastic origin. 


CHAPTER VIII. 

IRRITABILITY AND CONTRACTILITY. 

Irritability or Excitability is the power that certain tissues 
possess of vp^ponrliiip- By anms chan ge to the action of an external 
agent. This external agent is called a stimulus. 

Undifferentiated cells like white blood corpuscles are irritable; 
when stimuli are applied to them they execute the movements we 
have learnt to call amoeboid. 

Ciliated epithelium cells and muscular fibres are irritable ; they 
also execute movements under the influence of stimuli. 

Nerves are irritable; when they are stimulated, a change is 
produced in them ; this change is propagated along the nerve and 
is called a nervous impulse; there is no change of form in the 
nerve visible to the highest powers of the microscope ; much 
more delicate and sensitive instruments than a microscope must 
be employed to obtain evidence of a change in the nerve; it is 
of a molecular nature. But the irritability of nerve is readily 
manifested by the results the nervous impulse produces in the 
organ to which it goes; thus the stimulation of a motor nerve 
produces a nervous impulse in that nerve which, when it reaches 
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a muscle causes the muscle to contract: stimulation of a sensory 
nerve produces a nervous impulse in that nerve which when it 
reaches the brain causes a sensation. 

Secreting glands are irritable ; when irritated or stimulated 
they secrete. r 

The electrical organs found in many fishes like the electric eel, 
and torpedo ray, are irritable ; when they are stimulated they 
give rise to an electrical discharge. 

Contractility is the power that certain tissues possess of 
responding to a stimulus by change of form. Contractility and 
irritability do not necessarily go together ; thus both muscle and 
nerve are irritable, but of the two only muscle is contractile. 

Borne movements visible to the microscope are not due to 
contractility; thus granules in protoplasm or in a vacuole may 




Fig-. 129.—Frog’s pigment cells. 



Fig. i,)o. —Pigment-cells from the retina, a, cells 
still cohering, seen on their surface; a , nu¬ 
cleus indistinctly seen. In the other cells the 
nucleus is concealed by the pigment granules. 
11, two cells seen in profile; «, the outer or 
posterior part containing scarcely any pig¬ 
ment. x 370. (Henle.) 


often be seen to exhibit irregular, shaking movements due 
simply to vibrations transmitted to them from the outside. Such 
movement is known as Jiroimian movemen t. 

Instances of contractility are seen in the following cases :— 

1. The movements of protoplasm seen in simple animal and 
vegetable cells; in the former we have already considered 
streaming, gliding, and ammboid movement (see p. 13); in 
the latter case we have noted the rotatory movements‘ of the 
protoplasm within the cell -wall in certain plants (see p. 14). 

2. The movements of pigment cells. These are well seen 
under the skin of such an animal as the frog; under the 
influence of electricity and of other stimuli, especially of light, 
the pigment granules are massed together in the body of the cell, 
leaving the processes quite transparent (fig. 129). If the stimulus 
is removed the granules gradually extend into the processes 
again. Thus the skin of the frog is sometimes uniformly dusky, 
and sometimes quite light coloured. The ehamscleon is an animal 
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which has become almost proverbial as it possesses the same power 
to a marked degree. This function is a protective one; thealiimal 
approximates in colour that of its surroundings, and so escapes 
detection. 

In the retina we shall find a layer of pigment cells (fig. 130), 
the granules in which are capable of moving in the protoplasm in 
a somewhat similar way; the normal stimulus here also is light. 

3. Ciliary movement; here we have a much more orderly 
movement which has already been described (see p. 31). 

4. J11 Vorticellee, a spiral thread of protoplasm in their stalk 
enables them by contracting it to lower the bell at the end of the 
stalk. 

5. In certain of the higher plants, such as the sensitive and 
carnivorous plants, movements of the stalks and sensitive hairs 
of the leaves occur under the influence of stimuli. 

6. Muscular movement. This for the student of human 
physiology is the most important of the series; it is by their 
muscles that the higher animals (man included) execute the 
greater number of their movements. 

if we contrast together amoeboid, ciliary and muscular move¬ 
ment, we find that they differ from each other very considerably. 
Ammhnid-JUiamamt._,caii QCCur in. Any-part. ofl.an anH eb oid cell, 
i:Uld.J 4 a.„aj.iy..-..clirection. Ciliary and muscular movement are 
limited to one direct ion. ; but they are all* essentially similar, 
consisting of the movement of hyaloplasm in and out of spougio- 
plasm ; it is the arrangement of the spongioplasm that limits and 
controls the movement of the hyaloplasm (see also p. 90). 

Rliythmicality. — In some forms of movement there is not only 
order in direction, but order in time also. This is seen in ciliary 
movement, and in many involuntary forms of muscular tissue, 
such as the heart. Here periods of contraction alternate with 
periods of rest, and this"occurs at regular intervals. Under tHe" 
influence of certain saline solutions, voluntary muscles may bo 
made artificially to exhibit rhythmic contractions. 

A familiar instance of rhythmic movement in the inorganic 
world is seen in a water-tap nearly turned off' hut dripping ; 
water accumulates at the mouth of the tap till the drop is big 
enough to fall; it falls, and the process is repeated. If, instead 
of water, gum or treacle, or some other viscous substance is 
watched under similar circumstances, the drops fall much more 
slowly ; each drop has to get bigger before it possesses enough 
energy to fall. Thus we may get different degrees or rates of 
rhythmic movement. So in the body, during the period of rest, 
the cilium or the heart is accumulating potential energy, till, as it 
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were, it becomes so charged that it discharges; potential energy 

is converted into Jdnetic energy or movement, . . 

' When con traction j^ayeTs^aft a -Va.Y.e. along^ixxusaular .fibre s^, or 
from one muscular fibre to another, the term perizisilniA is 
applied. These waves *are well seen in such a muscular tube as 
the intestine, and are instrumental in hurrying its contents along. 
The heart’s contraction is a similar but more complicated 
peristalsis occurring in a rhythmic manner. 

The physiology of muscle and nerve furnish us with the best 
means of studying irritability and contractility. We shall have 
to consider these two tissues together to a large extent, but 
confine our attention at the outset to the voluntary muscles. 

The question may be first asked, what evidence there is of 
irritability in muscle 1 May not the irritability be a property of 
the nerve-fibres which are distributed throughout the muscle and 
terminate in its fibres 1 The doctrine of independent muscular 
irritability was enunciated by Haller more than a century ago, and 
was afterwards keenly debated. It was finally settled by an 
experiment of Claude Bernard which can be easily repeated by 
every student. 

If a frog is taken and its brain destroyed by pithing, it loses 
consciousness but the circulation goes on, and the tissues of its 
body retain their vitality for a considerable time. If now a few 
drops of a solution of curare , the Indian arrow poison, are injected 
with a small syringe under the skin of its back, it loses in a few 
minutes all power of movement. If next the sciatic or. any other 
nerve going to muscle is dissected out and stimulated, no 
movement occurs in the muscles to which it is distributed. 
Curare paralyses the motor end-plates, so that for all practical 
purposes the muscles are nerveless ; or rather nervous impulses 
cannot get past the end-plates and cause any effect on the 
muscles. But if the muscles are stimulated themselves they 
contract. 

Another proof that muscle possesses inherent irritability w r as 
adduced by Kuhne. In part of some of the frog’s muscles ( e.g. the 
sartorius) there are no nerves at all; yet they are irritable and 
contract when stimulated. 

The evidence of the statement just made that the poisonous 
effect of curare is on the end-plates is the following :—The 
experiment described proves it is not the muscles that are 
paralysed. It must therefQre be either the nerves, or the links 
between the nerve-fibres and the muscular fibres. By a process 
of exclusion we arrive at the conclusion that it is these end-plates, 
for the following experiment shows it is not the nerves. The 



CH. VIII.] 


STIMULI. 


IO9 


frog is pithed as before, and then one of its legs is tightly 
ligatured so as to include everything except the sciatic nerve of 
that leg. Curare is injected and soon spreads by the circulating 
blood all over the body except to the^ leg protected by the 
ligature. It can get to the sciatic nerve of that leg because that 
was not tied in with the rest. The sciatic nerve of the other leg 
is now dissected out; when the muscles supplied by it cease to 
contract when the nerve is stimulated, the frog may be considered 
to be fully under the influence of the drug. But on stimulating 
the sciatic nerve of the protected limb, the muscles respond 
normally ; this shows that the nerve which has been exposed to 
the action of the poison has not been affected by it. 

Varieties of Stimuli. 

The normal stimulus that leads to muscular contraction is a 
nervous impulse ; this is converted into a muscular impulse 
(visible as a contraction) at 
the end-plates. This nervous 
impulse starts at the nerve- 
centre, brain or spinal cord, 
and travels down the nerve 
to the muscle. In a reflex 
action the nervous impulse 
in the nerve-centre is started 
by a sensory impulse from 
the periphery ; thus when 
one puts one hand on some¬ 
thing unpleasantly hot, the hand is removed ; the hot substance 
causes a nervous impulse to travel to the brain, and the brain 
i-eflects down to the muscles of the hand another impulse by the 
motor-nerves which causes the muscles to contract in such a 
maimer as to move the hand out of the way. 

But the details of muscular contraction can be more readily 
studied in muscles removed from the body of such an animal 
as the frog, and made to contract by artificial stimuli. When we 
have considered these, we can return to the lessons they teach us 
about the normal contractions in our own bodies. 

The first thing to do is to make from a pithed frog a muscle- 
nerve •preparation ; the muscle usually selected is the' gastroc¬ 
nemius, the large muscle of the calf of the leg, with the sciatic 
nerve attached. For sdme experiments the sartorius or gracilis 
may be used; but nearly all can be demonstrated on the 
gastrocnemius. 
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The tendon of the gastrocnemius may be tied to a lever with a 
flag at the end of it, and thus its contractions rendered more 
evident; the bone at the other end being fixed in a clamp. 
Stimuli may be applied^ either to the nerve or to the muscle. If 
the stimulus is applied to the nerve, it is called indirect 
stimulation ; the stimulus starts a nervous impulse which travels 
to the muscle; the muscle is thus stimulated as it is in voluntary 
contraction by a nervous impulse. Stimulation of the muscle 
itself is called direct stimulation. These stimuli may be : 

x. Mechanical ; for instance a pinch or blow. 

2. Chemical; for instance salt or acid sprinkled on the nerve 
or muscle. 

3. Thermal; for instance touching the nerve or muscle with 
a hot wire. 

4. Electrical ; the constant or the induced current may be 
used. 

In all cases the result of the stimulation is a muscular 
contraction. Of all methods of artificial stimulation, the electrical 
is the one most generally employed, because it is more under 
control and the strength and duration of the stimuli (shocks) can 
be regulated easily. We shall therefore have to study some 
electrical apparatus. 

Chemical stimuli arc peculiar, for some which affect muscle do 
not affect nerve, and vice versa; thus glycerine stimulates nerve, 
but not muscle; ammonia stimulates muscle, but not motor 
nerves. 

We may regard stimuli as liberators of energy; muscle and 
nei*ve and other irritable structures undergo disturbances in 
consequence of a stimulus. The disturbance is some form of 
movement, visible movement in the case of muscle, molecular 
movement in the case of nerve. A stimulus may be regarded as 
added motion. Dr. Cowers compares it to the blow that causes 
dynamite to explode, or the match applied to a train of gun¬ 
powder. A very slight blow will explode a largo quantity of 
dynamite ; a very small spark will fire a long train of gunpowder. 
So in muscle or nerve the effect is often out of all proportion to 
the strength of the stimulus ; a light touch on the surface of 
the body may elicit very forcible nervous and muscular disturb¬ 
ances ; and moreover, the effect of the stimulus is propagated 
along the nerve or muscle without loss. 
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CHAPTER IX. 

CONTRACTION OF MUSCLE. 

Muscle undergoes many changes when it contracts; they 
may be enumerated under the following five heads:— 

1. Changes in form. 

2. Changes in extensibility and elasticity. 

3. Changes in temperature. 

4. Changes in electrical condition. 

5. Chemical changes. 

In brief, each of these changes is as follows :— 

1. Changes in form .—The muscle becomes shorter, and at the 
same time thicker. The amount of shortening varies from 
65 to 85 per cent, of the total length of the muscle. Up to 
a certain point, increase of the strength of the stimulus 
increases the amount of contraction. Fatigue diminishes 
and up to about 33 0 C. the application of heat increases 
the amount of contraction. Beyond this temperature the 
muscular substance begins to be permanently contracted, 
and a condition called heat rigor, due to coagulation of the 
muscle proteids, sets in a littTe'over 40° 0. 

What the muscle loses in length it gains in width ; there is 
no appreciable change of volume. 

Among the changes in form must also be mentioned tljjjpsc 
changes in the individual muscular fibres which require a 
microscope for their investigation; these have been already 
considered (see p. 90). 

2. Changes in elasticity and extensibility. —The contracted 
muscle is more stretched by a weight in proportion to its length 
than an uncontracted muscle with the same weight applied to it; 
the extensibility of contracted muscle is increased; its elasticity 
is dimin ished. 

3. Changes in temperature. —When muscle is at work or 

contracting, more energetic chemical changes are occurring than 
when it is at rest; more heat is produced and its temperature 
rises. . . - - ■ • 

1/4 Chcmges in electrical condition. —A contracted mus cle is 
electrical ly* negative to an uncontracted mug ^ " 

\ 5 * Chemical changes.— These consist in an increased consump- 
ti on of oxygen, an increased output of waste jnaTerfat?'ruelr*‘'riS 
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carbonic acid, and sarco-lactic acid. After prolonged contraction 
the muscle consequently acquires an acid reaction. 

These five sets of changes 'will form the subjects of the 
following five chapters. 


CHAPTER X. 

CHANGE IN FORM IN A MUSCLE WHEN IT CONTRACTS. 

Though it has been known since the time of Erasistratus 
(b.c. 304) that amuscle becomes t hick or r ,aft d...shaiAQr when Jt 
cont racts, it wasTOTt , 'T(fifil tfie invention of the graphic method 
by LucFwfg and Helmholtz, about fifty years ago, .that we pos¬ 
sessed any accurate knowledge of this- change. The main fact 
just stated may be seen by simply looking at a contracting 
muscle, such as the biceps of one’s own arm; but more elaborate 
apparatus is necessary for studying the various phases in contrac¬ 
tion and the different kinds of contraction that may occur. 

Those may be readily demonstrated on the ordinary muscle- 
nerve preparation (gastrocnemius •and sciatic nerve) from a frog. 
By the graphic method, one means that the movement is re¬ 
corded by a writing. We shall find that the same method is 
applied to the heart’s movements, respiratory movements, blood 
pressure, and many other important problems in physiology. The 
special branch of the graphic method we have now to study is 
called myography; the instrument for writing is called a myo¬ 
graph ; the writing itself is called a myogram. Put briefly, a 
myograph consists of a writing point at the end of a levfrr 
attached to the muscle, and a writing surface which travels at a 
uniform rate, on which the writing point inscribes its movement. 

The first thing, however, that is wanted is something to stimu¬ 
late the muscle and make it contract; the stimulus is usually 
applied to the nerve, and the form of stiniuIus^nnsf ^fmq T ^TT tlv 
empl oyed is electrical. 

Tire g'Uliuiniu bilLLery in most common use is the Daniell cell. 
It consists of a wftll-amafefljjflfl^r) jq j>. nylmrlar 

of porous earthenware containin g 10 per cent, sulphuric "a cid; 
this is contained within a copper vessel "(represented as trans- 
parent for diagrammatic purposes in fig. 132) filled with saturated 
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so lution of copper sulphate. Each metal has a binding screw 
attached to it, tcTwhich wires-can be fastened. -The zinc rod is 


called the p^ siti^sk^ent. the Conner the negative element. The 

di8t!Ll ends of f'Hl^ires attached to 

these are c alled voles or ele ctrodes. ^ 

and the pair of electrodes may be 

conveniently held in a special form W — 1 

of holder. The electrode attached 

to the positive element (zinc) is 

called the negative poU or kq&jiy je; CnS(£ 

that attached to th<rnegative ele- wsn .- 

ment (copper) is called the 'positive *W SEK&j ^tUt, 

pole or anode . If now the two elec- 

troefes are connected together, an Cm SO^ - - 

electrical, galvanic or constant -our- 
rent flows from the conger to th e 

zing, outside Urn’'battery , and Trom Fi(? . ,32.—niugram of a Daniell’B 
the zinc to the cop per thrmi g ] i _the battery. 
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battery. 


fluids “ Of En^TJattery; if the elec- 

trodra^enTnoTconnected the circle is broken, and no current can 
flow at all. If now a nerve or muscle is laid across the two 




B. Mercury Key. 

electrodes the circuit is completed, 
and it will be noticed at the moment 
of completion of the circuit the muscle 
^Ke^rad’sKe ^ 018 enters into contraction; ifthe muscle 

is lifted off the electrodes, another 
contraction occurs at the moment; the circuit is broken. The same 
thing is done more conveniently by means of a .key: fig. 133 
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represents two common forms of key. A key is a piece of 
apparatus by which the current can be allowed to pass or not 
through the nerve or muscle laid on the electrodes. When the 
key is open the current is broken, as in the next figure (fig. 134 ); 
when it is closed the current is allowed to pass. The opening of 
the key is called break ; the closing of the key is called make. A 
contraction occurs only at make and break, no,t„: 
is quietlyjtraversing the nerve or muscle. 



But it will be seen in the Du Bois Reymond key (fig. 133) that 
there are four binding screws. This key is used as a bridge or short 



circuiting key, and for many reasons this is the best way to use 
it. The above diagram (fig. 135) represents this diagrainmatically. 
The two wires from the battery go one to each side of the key; 
the electrodes come off one from each side of the key. When the 
key iB open no current can get across it, and therefore all the 
current has to go to the electrodes with the nerve resting on 
them; but when the key is closed, the current is cut off from the 
nerve, as then practically all of it goes by the metal bridge, or 
short cut, back to the battery. Theoretically a small amount of 
current goes through the nerve; but the resistance of animal 
tissues to electrical currents is enormous as compared to that of 
metal, and the amount of electricity that flows through a conductor 
is inversely proportional to the resistance; the resistance in the 
metal bridge is so small that for all practical purposes, all the 
current passes through it. 

Another form of electrical stimulus is the induced current, pro¬ 
duced in an induction coil. 

If one has a battery of which the metals are connected by a 
wire, we have seen the current in the wire travels from the 
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copper to the zinc ; if we have a key on the course of this wire 
the current can be made or broken at will. If in the neighbour¬ 
hood of this wire we have a second wire forming a complete 
circle, nothing whatever occurs in it while the current is flowing 
through the first wire, but at the instant of making or breaking 
the current in the first or primary wire, a momentary electrical 
current occurs in the secondary wire, which is called an induced 
current ; and if the secondary wire is not a complete circle, but 
its two ends are connected by a nerve, this induction shock tra- 



Fig. 136.—Du Bois Raymond's induction coil. 


verses the nerve and stimulates it; this causes a nervous impulse 
to travel to the muscle, which in consequence contracts. 

If the first and second wires are coiled, the effect is increased, 
because each turn of the primary coil acts inductively on each 
turn of the secondary coil. 

The direction of the current, induced in the secondary coil is 
the same as that of the current in the primary coil at the break; 
in the opposite direction at the make. The nearer the secondary 
coil is to the primary the stronger are the currents induced in 
the former. 

Fig. 136 represents the Du Bois Reymond coil, the one gene¬ 
rally employed in physiological experiments, c is the primary 
coil, and d and d' its two ends, which are attached to the battery, 
a key being interposed for making and breaking ; g is the secon¬ 
dary coil, the two terminals of which are at its far end ; to these 
the electrodes to the nerve are attached ; the distance between 

1 2 
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the two coils, and so the strength of the induction currents can 
be varied at will. It is only when the primary current is made 
or broken, or its intensity increased or diminished, that induction 
shocks occur in the secondary circuit which stimulate the nerve. 
When one wishes to make or break the current rapidly the 
automatic interrupter or Wagner’s hammer seen at the right-hand 
end of the diagram is included in the circuit. 

The next thing to be noticed is that the break effe cts are 
stronger than the make effects; this is^ easily feltby placing the 
electrodes on the tohgii&- This is due to what is called Faraday’s 
extra current. This is a current produced in the primary coil by 
the inductive influence of contiguous turns of that wire on each 
other; its. direction is against that of the battery current at 
make, and so the make shock is lessened. At "the break there 
can bo no -extra-current, because the circuit being broken there 
can be no eurrent at all. 

The same difference of strength occurs alternately in the 
repeated shocks produced by Wagner’s hammer. Helmholtz, to 
obviate this, introduced a modification now known after him. It 
consists in bridging the current by a side wire, so that the 
current never entirely ceases in the primary coil, but is alter¬ 
nately strengthened and weakened by the rise and fall of the 
hammer; the strengthening corresponds to the ordinary make, 
aud is weakened by the make extra current, which occurs in 
the opposite direction to the battery current; the break is also 
incomplete, and so it is weakened by the break extra current, 
which being in the sanie direction as the battery current impedes 
its disappearance. 

The tw'o next diagrams show the way the interrupter acts. We 
are supposed to be looking at the end of the primary coil; the 
battery wires are attached to the binding screws A and E (fig. 
137). The current now passes to the primary coil by the pillar 
on the left and the spring or handle of the hammer as far as the 
screw (C) in the middle of the top of the diagram; after going 
round the primary coil, one turn only of which is seen, it twists 
round a pillar of soft iron on the right-hand side, and then to 
the screw E and back to the battery ; the result of a current 
going around a bar of soft iron is to make it a magnet, so it 
attracts the hammer, and draws the spring away from the top 
screw, and thus breaks the current ; the current ceases, the soft 
iron is no longer a magnet, so it releases the hammer and. con¬ 
tact is restored by the spring; then the same thing starts over 
again, and so a succession of break and make shocks occurs 
Alternately and automatically. 
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In Helmholtz’ modification (fig. 138) the battery wires are 
connected as before. The interrupter is bridged by a wire from 
B to C (also shown in fig. 136). C is raised but of reach, and 
the lower screw F is brought within reach of the spring. Owing 
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to the wire BC, the vibration of the hammer never entirely 
breaks the current. 

Instead of Wagner’s hammer a long vibrating reed constructed 
on the same principle is often used. This has the advantage 



Fig. 138 . 


that the rate of vibration can be varied at will by means of a 
sliding clamp which fixes the reed so that different lengths of it 
can be made to vibrate. If a long piece of reed vibrates, it 
does so slowly, and thus successive induction shocks at long 
intervals can be sent into the perve. But if one wishes to 
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stimulate a nerve more rapidly, the lenj^ tuai^r eed allowed ^ to 
vibrate can be shorten ed. 

In Ewald s modification of the coil there is another simple method 
of modifying the rate of the interrupter. But an hour spent 
in the laboratory with aft induction coil and cell will teach the 



Fig. 139.—Myograph of von Helmholtz, shown in an incomplete form, a, forceps for 
holding frog’s femur; b, gastrocnemius ; c, sciatic nerve ; d, scale pan ; e, marker 
recording on cylinder; /, counterpoise. (M’Kendrick.) 

student much more easily all these facts than any amount of 
reading and description. 

We can pass now to the myograph. There are many different 
forms of this instrument. Fig. 139 shows Helmholtz’ instru¬ 
ment. 

The bony origin of the gastrocnemius is held firmly by forceps, 
the tendo Achillis tied to a weighted lever; the end of the lever is 
provided with a writing-point such as a piece of pbinted parchment; 
when the muscle contracts it pulls the lever up, and this move¬ 
ment is magnified at the end of the lever. The writing-point 
scratches on a piece of glazed paper covered with a layer of Boot; 
the paper is wrapped round a cylinder. When the lever goes 
up the writing-point will mark an up-stroke; When it falls it 
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will mark a down-stroke, and if the cylinder is travelling, 
the down-stroke will be written on a different part of the paper 
than the up-stroke; thus a muscle curve or myogram is ob¬ 
tained. The paper may then be removed„varnished, and preserved. 
Fig. 140 shows a somewhat different arrangement. 

The muscle is fixed horizontally on a piece of cork B, one 
end being fixed by a pin thrust through the knee-joint into the 
cork; the tendo Acliillis is tied to a weighted lever: the lever 



Fig. 140. Arrangement of the apparatus necessary for recording muscle contractions with 
a revolving cylinder carrying smoked-paper. A, revolving cylinder: B, the muscle 
arranged upon a cork-covered board which is capable of being raised or lowered on the 
upright, which also can he moved along a solid triangular bar of metal attached to the 
bBHe of the recording apparatus—the tendon of the gastrocnemius is attached to the 
wntmg lever, properly weighted, by a ligature. The electrodes from the secondary coil 
Mss to the nerve—being, for the sake of convenience, first of all brought to a short- 
P (DuBms Beymond’s); C, the induction coil; F, the battery (in this 
fig. a bichromate one); E, the key (Morse’s) in the primary circuit. 


is so arranged that it rests on a screw till the muscle begins to 
contract; the muscle therefore does not feel the weight till it 
begins to contract, and gives a better contraction than if it had 
been previously strained by the weight. This arrangement is called 
after-loading. 
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The writing surface is again a travelling cylinder tightly 
covered with smoked glazed paper. The rest of the apparatus 
shows how cell, coil, keys, and electrodes are applied with the 
object of stimulating the nerve. 

The key E makes and breaks the primary circuit, but the 
effect is only felt by the muscle-nerve preparation -when the 
short-circuiting key I) in the secondary circuit is opened. 

Instead of the key A it is better to have what is called a 
“ kick-over ” key which the cylinder by means of a bar projecting 



Kg. 141.—Du Bois Beymond’s spring myograph. (M‘Kendrick.; 


from it knocks over and so breaks the primary circuit during the 
course of a revolution. The exact position of the writing-point 
at the moment of break, that is the moment of excitation, can 
then be marked on the blackened paper. 

Besides the travelling cylinder there are other forms of writing 
surface. Thus fig. 141 represents the spring myograph of Du 
Bois Reymond. Here a blackened glass plate is shot along by 
the recoil of a spring ; as it travels it kicks over a key, and the 
result of this, the muscular contraction, is written on the plate. 

Tho pendulum myograph (fig. 142) is another form. Here the 
movement of the pendulum along a certain arc is substituted for 
the clockwork of the cylinder, or the spring of Du Bois Reymond. 
The pendulum carries a smoked glass plate upon which the 
writing-point of'the muscle lever is made to mark. The break 
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shock is sent into the muscle-nerve preparation by the pendulum 



Fig'. 142.—Simple form of pendulum myograph and aoeewKory parts. A, pivot upon which 
pendulum swings; J 5 , catch on lower end of myograph opening the key, C, in its 
swing; 2 ), a spring-catch which retains myogTaph, as indicated by dotted lines, and 
on pressing down the handle of wliich the pendulum swings along the arc to D on the 
left of figure, and is caught by its spring. 

in its swing opening a key in the primary circuit. This is shown 
in an enlarged scale in BC (fig. 142). 
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To keep the preparation fresh during an experiment, it should 
be covered with a glass shade, the air of which is kept moist by 
means of wet blotting paper. A somewhat elaborate form of 
moist chamber is shown in fig. 143.. 

The last piece of apparatus necessary is a time-marker, so that 
the events recorded in the myogram can be timed. The simplest 
time-marker is a tuning-fork vibrating 100 times a second. This 
is struck, and by means of a writing-point fixed On to one of 
the prongs of the fork, these vibrations may be written beneath 
the myogram. More elaborate forms of electrical time-markers 
or chronographs are frequently employed. 

The Simple Muscle Curve. 

We can now pass on to results, and study first the result 
of a single induction shock upon a muscle-nerve preparation. 



Fig. 144.—Simple mutcle-curve. (M. Foster.) 


A single momentary stimulation causes a single nr simple 
cular contraction , or as it is often called a twitch » The graphic 
record of such a contraction is called the simp le muscle cu rve. 
One of these is shown in the preceding figur<Tpig:'T44). 

The upper line (m) represents the curve traced by the end of 
the lever in connection with a muscle after stimulation of the 
muscle by a single induction-shock : the middle-line (l) is that 
described by a lever, which indicates by a sudden drop the exact 
instant at which the induction-shock is given. The lower wavy 
line (t) is traced by a tuning-fork vibrating 100 times a second, 
and serves to measure precisely the time occupied in each part of 
the contraction. 
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It will be observed that after the stimulus has been applied 
as indicated by the vertical line a, there is' an interval before the 
contraction commences, as indicated by the line c. This interval, 
termed (a) the late ntjp^jaadyJvhen measured by the number of 
vibrations of the'Tuning-fork between the*lines a and c, is found to 
be about T A-7rBec. Durin g the lament period there is no apparent 
cha nge inTh er nuseie . . 

Tne second part is the (VS stag-a v>f coq trantiop proper. The 
lever is raised by the contraction of the muscle. The contraction 
is at first very rapid, but then progresses more slowly to its 
maximum, indicated by the line mx, drawn through its highest 
point. It occupies in the figure ^^sec. (c) The next stage, 
stage of elomcatian^ After reaching its highest point, the lever 
begins To'descend, in consequence of the elongation of the muscle. 
At first the fall is rapid, but then becomes more gradual until 
the lever reaches the abscissa or base line, and the musclg .attains 
its pre-contraction length, indicateSPmTRbTigure by the iine c. 
The stage occupies -j-^second. Very often after the main con¬ 
traction the lever rises once or twice to a slight degree, producing 
small curves (as in fig. 146). These contrac^yjp^dqp, tq,, fthn 
elasticity of the muscle, are called (d) Stag e of 

vihretion, nr cr>rcmnitirW ***" 

The whole contraction occupies about T \f of a second. With 
regard to the latent period, it should be pointed out that if the 
muscle is stimulated indirectly, i.e., tLmi-ijrb *+3 nfryt* iSffnnit? nf 
apparent los t time is occupied in the propagation of the nervous 
impulse along the nerve. To obtain the true latent period, this 
must be deducted. Them there is generally latency in the 
apparatus, friction of the lever, &c., to be taken into account. 
This can be got rid of by photographing the contracting muscle, 
on a sensitive photographic plate travelling at an accurately 7 
timed rate. By such means it is found that the true latent 
period is much shorter than was formerly supposed. It iB only 
rinr of a second. In red muscles it is longer. 


We now come to the action of various factors in modifying the character 
01 the simple muscle nerve. 

1. Influence of strength of stimulus. —A minimal stimulus is that which 

? 8 l« 8t strong enough to give a contraction. If the strength of stimulus is 
increased the amount of contraction as measured by the height of the curve 
is increased, until a certain point is reached (maximal stimulus), beyond 
wtuch increase in the stimulus produces no increase in the amount of con¬ 
traction. The latent period is shorter with a strong than with a weak 
stimulus. j 

2. Influence of load. —Up to a certain point increase of load increases the 
mount of contraction, beyond which it diminishes, until at last a weight 
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is reached which the muscle is unable to lift. The latent period is sohie- 
what longer with a heavy load than with a light one. 

3. Influence of fatigue.— This can be very well illustrated by letting the 
muscle write a curve with every revolution of the cylinder until it ceases 
to Contract altogether. The next diagram shows the early stages of fatigue. 



At first the contractions improve, each being a little higher than the pre¬ 
ceding ; this is known as the beneficial effect of contraction , and the graphic 
record is called a xtaircase. Then the contractions get less and less. But 
what is most noticeable is that the contraction is much more prolonged ; 
the latent period gets longer ; the period of contraction gets longer ; and 
the period of relaxation gets very much longer ; there is a condition known 
as contracture, so that the original base line is not reached by the time 
the next stimulus arrives. In the last stages of fatigue, contracture passes 
off. 


Fig. 146.—Effect of temperature on a single muscular contraction; N, normal; If, warm; 
Ci , cooling; Ct, very cold; P, point of stimulation. The above tracing is a con¬ 
siderably reduced fac-simile of a tracing taken with the pendulum myograph. 

4. Effect of temperature .— Cold at first increases the height of contrac¬ 
tion, then diminishes it; otherwise the effect is very like that of fatigue 
increasing the duration of all stages of the curve. 

Moderate warmth increases the height and diminishes the duration 
of all stages of the curve, latent period included. This may be 


H*. 147.—'Veratrine curve, taken on a very slowly-travelling cylinder; the time tracing 

indicates seconds. 
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readily shown by dropping some warm salt solution* on to the muscle before 
taking its curve. Too great heat (above 40° c.) induces heat rigor due to 
the coagulation of the muscle-proteids. 

5. Effect of veratrine .—If this is injected into the frog before the muscle- 
nerve preparation is made, the very remarkable result seen in the preceding 
diagram is produced on Stimulation ; |heii» i« ny pnnrmnna prnl rraimtiQP _J 2 f 
the period of relaxat ion ; marked by a secondary rise, and sometimes by 
Tremors, After repealed stimulation this effect passes off, but returns after 
a period of rest. 


The Muscle-Wave. 

The first part of a muscle which contracts is the part where 
the nerve fibres enter; but nerve impulses are so rapidly carried 
to all the fibres that for practical purposes they all contract 
together. But in a nerveless muscle, that is one rendered physio- 



1’ig. 148. —Arrangement for tracing the muscle-wave. (MeKendriok.) 

logically nerveless* by curare, if one end of the muscle is stimu¬ 
lated, the contraction travels as a wave of thickening to the other 
end of the muscle, and tHeTafe' o'f propagation of this wave can be 
recorded graphically. The above figure (fig. 148) represents one of 
the numerous methods that have been devised for. this purpose. 
A muscle with long parallel fibres, like the sartorius, is taken ; it 

* Physiological saline solution used for bathing living tissue is a 0.65 per 
cent, solution of sodium chloride. 
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is represented diagrammatically in the figure. It is stimulated 
at the end, where the two wires, + and —, are placed ; it is 
grasped in two places by pincers, which are opened by the wave 
of thickening ; the opening of the first pair of pincers (i) presses 
on a drum or tambour Connected to a second tambour with a re¬ 
cording lever ( x'), and this lever goes up first; the lever (2') of the 
tambour connected with the second pair of pincers (2) goes up later. 
If the length of muscle between the pairs of pincers is measured, 
and by a time-tracing the delay in the raising of the second lever 
is ascertained, we have the arithmetical data for calculating the 
rate of propagation of the muscle wave. It is about 3 metres 
per second in frog’s muscle, but is hastened by warmth and 
delayed by cold and fatigue. 


The Effect of Two successive Stimuli. 

If a second stimulus follows the first stimulus, so that the 
muscle receives the second stimulus before it has finished con- 



Fig. 149. —Tracing of a double muscle-curve. To be read from left to right. While the 
muscle was engaged in the first contraction (whose complete course, had nothing inter¬ 
vened, is indicated by the dotted line), a second induction-shock was thrown in, at such 
a time that the second contraction began just as the first was beginning to decline. 
The second curve is seen to start from the first, as does the first from the base line. 
(M. Poster.) 


traoting under the influence of the first, a se cond curve wi lL-bc - 
added to the first, as s hown in the next di^ramPThe third little 
"curve li only due to elastic after-vibration. This is called super¬ 
position, or. summation of effects. 

th«rtW6 Stimuli are in such close succession that the second, 
occurs during the latent period of the first, the result will "differ 
according as the stimuli are maximal or submaximal. If they 
are maximal, the second stimulus is without effect; but if aufe . 
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maximal, the two stimuli are added together, and though pro¬ 
ducing a simple muscle curve, produce one which is bigger than 
either would have produced separately. This is summation of 


Effect of More than Two Stimuli. 

Just as a second stimulus adds its curve to that written as the 
result of the first, so a third stimulus superposes its effect on the 



fig. 150.—Curve of tetanus, obtained from the gastrocnemius of a frog, -where the shocks 
were sent in from an induction coil, about sixteen times a second, by the interruption 
of the primary current by means of a vibrating spring, which dipped into a cup of 
mercury, and broke the primary current at each vibration. (Tracing to be read nght 
to left.) 


second ; a fourth on the third, and so on. Each successive incre- 
m ent is, however , smaller t ha n t he prec edfil grinilft" at HBtTh e 
muscle remains at a maximum c6ntm<jtioii7tnt it begins to relax 
from'Tatlgue. 



Hg. 151.—Curve of tetanus, from a series of very rapid shocks from a magnetic interrupter. 
(Tracing to be read right to left.) 


A succession of stimuli may be sent into the nerve of a nerve- 
muscle preparation by means of the Wagner’s hammer of a coil, 
or the vibrating reed previously described (p. 117). This method 
of stimulation is called faradisation. Figs. 150 and 151 show 
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the kind of tracings one obtains. The number of contractions 
corresponds to the number of stimulations ; the condition of pro* 
longed contraction so produced, the muscle never relaxing com¬ 
pletely between the individual contractions of which it is made 
up, is called tetanu s : *incomplete tetaryu&x „\o r clonu s, when the 
individual contractions are discernible (fig. 150) ; complete tetan us . 
as in fig. 151, when the contractions are completely fused to 
form*a continuous line without waves. 

The rate of faradisation necessary to cause complete tetanus 
varies a good deal; for frog’s muscle it averages 15 per second ; 
for the pale muscles of the rabbit, 20 per second; for the more 
slowly contracting red muscles of the same animal, 1 o per second; 
and for the extremely slowly contracting muscles of the tortoise 
2 per second is enough. With fatigue, the rate necessary to pro¬ 
duce complete tetanus is diminished. 


Voluntary Tetanus. 

We have seen that voluntary muscles under the influence of 
artificial stimuli may be made to contract in two ways; a single 
excitation causes a single contraction ; a rapid series of. excitations 
causes a series of contractions which fuse to form tetanus. 

We now come to the important question, in which of these two 
ways does voluntary muscle ordinarily contract in the body ? The 
answer to this is, that voluntary c ontraction is al ways a tetanus, 
nev er a twitch. The nerve-cells from which ..the n\qto? fibres 
originate do.not pos sess the power of sending isolated impulses to 
the muscles ; they send a series of .impulses which result in a 
muscular teta nus*, or voluntary tetanus, as it may conveniently 
be termed, - * r ^' - 

If a stethoscope is placed over any muscle of the human body, 
such as the biceps, a low sound is heard. The tone of this sound, 
which was investigated by Wollaston, and later by Helmholtz, 
corresponds to thirty-six vibrations per second; this was regarded 
as the first overture of a note of eighteen vibrations per second, 
and for a long time 18 per second was believed to be the rate of 
voluntary tetanus. 

The so-called “muscle sound” is, however, no indication of the 
rate of muscular vibration. Any irregular sound of low intensity 
will produce the same note; it is, in fact, the natural resonance- 

* The use of the word tetanus in physiology must not be confounded, with 
the disease known by the same name, in which the most marked symptom 
an intense condition of muscular tetanus or cramp. 
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tone of the membrana tympani of the ear, and, therefore, selected 
by the organ of hearing when we listen to any irregular mixture 
of low tones and noises. 

A much more certain indication of the rate of voluntary 
tetanus is obtained by the graphic method. The myographs 
hitherto described are obviously inapplicable to the investigation 
of such a problem in man. The instrument employed may bo 
termed a transmission myograph. The next figure shows the 
recording part of the apparatus. 

It is called a Marey’s Tambour. It consists of a drum, on the 
membrane of which is a metallic disc fastened to one end of a 
lever, the far extremity of which carries a writing point. The 
interior of the drum is connected by an india-rubber tube (seen at 
the right hand end of the drawing) to a second tambour called 

Screw to regulate elevation of level. 



Writing lever. Tambour. Tube to receiving 

tambour. 

* 

Fig. 152.—Marey’s Tambour, to which the movement of the column of air in the iirst 
tambour is conducted by a tube, and from which it is communicated by the 
lever to a revolving cylinder, so that the tracing of the movement of the impulse 
beat is obtained. 

the receiving tambour, in which the writing lever is absent. 
Now if the receiving tambour is held in the hand, and the thumb 
presses on the metallic disc on the surface of its membrane, the 
air within it is set into vibrations of the same rate as those 
occurring in the thumb muscles ; and these are propagated to 
the recording tambour and are written in a magnified form by 
the end of the lever on a recording travelling surface. 

The tracing obtained is very like that in fig. 150; it is an 
incomplete tetanus, which by a time marker can be seen to be 
made up of 10 to 12 vibrations a second. 

In some diseases these tremors are much increased, as in the 
clonic convulsions of epilepsy, or those produced by strychnine 
poisoning, but th,e rate is the same. 

Similar tracings can be obtained in animals by strapping the 
receiving tambour on the surface of a muscle, and causing it to 

K.F. K 
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contract by stimulating the brain or s*pinal cord. The rate of 
stimulation makes no difference ; however slow or -fast the 
stimuli occur, the nerve-cells of the cent ral nerv ous system.irive 
ou t im pulses at they:_-©wtr -normarTrate. 

The same is seen in & reflex action. If a tracing is taken from 
a frog’s gastrocnemius, the muscle being left in connection with 
the rest of the body, its tendon only being severed and tied to a 
lever, and if the sciatic nerve of the other leg is cut through, and 
the end attached to the spinal cord is stimulated, an impulse 
passes up to the cells of the cord, and is then reflected down to 
the gastrocnemius, under observation. The impulse has thus 
to traverse nerve-cells; the rate of stimulation then makes no 
difference ; the reflex contraction occurs at the same rate, i o or 12 
per s'econd. 

But now a difficulty arises ; if a twitch only, occupies of a 
second, there would be time for ten complete twitches in a 
second ; they would not fuse to form even an incomplete tetanus. 
There must bo some means by which each individual contraction 
can be lengthened till it fuses with the next contraction ; or, in 
other words, our results of electrical stimulation of excised muscles, 
must not be applied without reserve to the contraction of the 
intact muscles in the living body in response to the will. 

Lever Systems .—The arrangement of the muscles, tendons, and 
bones present examples of the three systems of levers which 
will be known to anyone who has studied mechanics; the student 
of anatomy will have no difficulty in finding examples of all three 
systems in the body. What is most striking is that the majority 
of cases are levers of the third kind, in which there is a loss of 
the mechanical power of a lever, though a gain in the rapidity 
and extent of the movement. 

Most muscular acts involve the action of several muscles, often 
of many muscles. The acts of walking and running are examples 
of very complicated muscular actions in which it is necessary not 
only that many muscles should take part, but also must do so in 
their prpper order and in due relation to the action of auxiliary 
and antagonistic muscles. This harmony in a complicated mus¬ 
cular action is called co-ordination. 

By the device of taking instantaneous photographs at rapidly 
repeated intervals during a muscular act, the details of different 
modes of locomotion in man and other animals have been very 
thoroughly worked out. With this branch of research the name 
of Prof. Marey is intimately associated. 
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CHAPTER XI. 

EXTENSIBILITY, ELASTICITY, AND WORK OF MUSCLE. 

Muhci.e is both extensible and elastic. It is stretched by a 
weight, that is, it possesses extensibility ; when the weight is 
taken off, it returns to its original length, that is, it possesses 
elasticity. The two properties "do not necessarily go together ; 
thus a piece of putty is very extensible, but it is not elastic ; 
a piece of steel or a ball of ivory are only slightly extensible, but 
after the stretching force has been removed they return to their 
original size and shape very perfectly. 

A substance is said to be strongly elastic, when it offers a great 
resistance to external forces : steel and ivory are strongly elastic. 



A substance is said to be perfectly elastic, when its return to 
its original shape is absolute ; again steel and ivory may be 
quoted as examples. 

Muscle is very extensible, i.e., it is easily stretched; it is feebly 
clastic, i.e., it opposes no great resistance to external force; it is, 
however, very perfectly elastic; that is, it returns to its original 
shape very exactly after stretching. This is true in the case of 
living muscle within the body, but after very great stretching 

k a 
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even in the body, and still more so after removal from the body 
when it begins to undergo degenerative changes culminating in 
death, its elasticity is less perfect. 

The cohesion of muscular tissue is less than that of tendon. 
E. Weber stated that d frog’s muscle one centimetre square in 
transverse section will support a weight of a kilogramme (over 
2 lbs.) without rupture, but this diminishes as the muscle 
gradually dies. The extensibility of any material may be studied 
and recorded by measuring the increase of length which occurs 
when that material is loaded with different weights. In figure 139 
showing Helmholtz’ myograph, different weights may be placed in 
the scale pan beneath the muscle, and the increase of length 
recorded on a stationary blackened cylinder by the downward 
movement of the writing point; the cylinder may then be moved on 
a short distance, more weight added, and the additional increase 
of-length similarly recorded, and so on for a succession of weights. 

If this experiment is done with some non-living substance like 
a steel spring or a piece of india-rubber instead of a living 
muscle, it is found that the amount of stretching is proportional 
to the weight; a weight = 2 produces an extension twice as 
great as that produced by a weight = 1 ; in this way one obtains 
a tracing like that seen on the left hand of figure 153, and the 
dotted lino drawn through the lowest points of the extensions is 
a straight one. 

With muscle, however, this is different; each su ccessive a d¬ 
ditio n of the same weight p roduces smaller and smaller inoro- 
inehts obtained, ka. curve. 

. —•A cun Li'lIUUrrs“ciTFve of extensibility may be obtained by placing 
a gradually and steadily increasing force beneath the muscle 
instead of a succession of weights added at intervals. The most 
convenient way of doing this is to use a steel spring which is 
gradually and steadily extended ; and the writing point inscribes 
its excursion on a slowly moving cylinder. If, then, after the 
muscle has been stretched, the steel spring is gradually and 
steadily relaxed, the muscle relaxes and again writes a curve now 
in the reverse direction, until it regains its original length.* 
But in muscles removed from the body, unless they are very 
slightly loaded, the return to the original length is never complete ; 
the muscle is permanently longer to a slight extent, which varies 
with the amount of the previous loading. 


* * A mathematical examination of these curves shows that they are not 
rectangular hyperboles, as they were once considered. They are very vari¬ 
able in form and cannot be identified with any known mathematical curve. 
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If the muscle is slowly loaded and slowly unloaded the curva¬ 
ture of its tracing is much more marked than if the experiment 
be done rapidly. 

The following three tracings are reproduced from some obtained 
by Dr. Brodie. In the method used, tlie curves are not com¬ 
plicated by the curve of a lever, but the movement was simply 
magnified by a beam of lighu falling on a mirror attached to the 
end of the muscle, and 
reflected on to a travelling 
photographic plate. Each 
tracing is to be read from ^ 
right to left ; the first one 
(A) shows the result of 
stretching a steel spring by 
a steadily increasing force ; 
the end of the spring gets 
lower and lower, and de¬ 
scribes a straight line ; at 
the apex of the tracing 
unloading began and went, g 
on steadily till the spring 
once more regained its 
initial length. The up¬ 
stroke, like the dovvnstroke, 
is a straight line. In B 
and C muscles were used ; 
it will be noticed that the q 
muscle does not regain its 
original length after unload¬ 
ing, and that after unload¬ 
ing the upward tendency 
of the tracing represents after-relaxation. In -B, the extension 
was applied rapidly, the tracing is almost a straight line ; in C, 
the extension was brought about more slowly, and the tracing is a 
curve; in both cases the tracing of the period of unloading shows 
more curvature. 

This introduces us to what is called after extension and after 
r elaxation. That is to say, after a muscle is weighted there is an 
immediate elongation, followed by a gradual elongation which 
continues for some time; or if a muscle has been weighted and 
is then unloaded there is an immediate slackening, followed by a 
gradual after relaxation. 

This may be shown by looking at the graphic records shown in 
the next diagram. It will be noticed that the extension is 



Fig. 154.—Curves of extensibility. 
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greatest when the muscle is in a contracted condition, and 
smallest when it is dead (in rigor). In fatigue the after extension 
is very marked, and the return after unloading very imperfect. 

We may now give the results of an actual experiment; a frog’s 
gastrocnemius was loaded with successive weights of 50, 100, 
150, etc., grammes, and its length carefully measured in centi¬ 
metres. 


Load .... 

50 

100 

ISO 

200 

250 

300 

Total extension . . 

3-2 

6 

8 

9'5 

10 

10-3 

Increment of extension 


2-3 

2 

i ‘5 

o -5 

03 


Figure 155 shows that the contracted muscle is more exten¬ 
sible than the uncontracted muscle. This may be still further 

illustrated by an example givey 
on the opposite page in the form 
of a diagram. 

The thick lines represent the 
contracted muscle, the thin ones 
the uncontracted. It is repre¬ 
sented as being stretched by dif¬ 
ferent weights indicated along 
the top line ; and the lengths 
under the influence of these 
weights are separated by equal 
distances. Thus A C represents 
the length of the uncontracted 
muscle, A B of the contracted 
muscle when unloaded. A' (’' 
and A' B' the same under the in¬ 
fluence of a weight of 50 grammes, 
and so on. 

The curve connecting the ends 
of the lengths of the contracted 
muscle falls faster than that 
obtained from the uncontracted 
one, until at the point P under 
the influence of a weight of 250 
grammes, the two curves meet; 
Fig. 1 55•—Extensibility of muscle in that is to say, 250 grammes is 

different status; tested by 50 grammes . , . , . , ,, 

applied for short periods. Tracings to the weight Which the muscle is 

wailft fr ° m left *° ri * ht ' (After just unable to lift. Suppose a 

muscle has to lift the weight of 
200 grammes, it begins with a length A" C", but when it con¬ 
tracts it has a length A " B", that is, it has contracted a distance 
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of B" C", which is very small; when it has to lift a less weight 
it contracts more, when a greater weight it contracts less; till 
when it contracts least it lifts the greatest weight. 

This experiment illustrates the general truth that when a 
muscle is contracted it is more extensible. At the point P the 
energy tending to shorten the muscle (its contractile pov?er) is 
exactly equal to the energy tending to lengthen it against its 
elastic force. Thus we have the apparent paradox at this point 
that a muscle when contracted has exactly the same length as 
when uncontracted ; but this is a matter of everyday experience ; 
if one tries to lift a weight beyond one’s strength, one fails to 
raise it, but nevertheless one’s muscles have been contracting in 
the effort ; they have not contracted in the narrow sense of 


0 50 100 150 200 250 



becoming shorter, but that is not the only change a muscle 
undergoes when it contracts ; the other changes, electrical, ther¬ 
mal, cliemioal, etc., have taken place, as evidenced in one’s own 
person by the fact that the individual has got warm in his efforts, 
or may even feel fatigue afterwards. 

But the paradox doos not end here, for if diagram 156 is again 
looked at, it will be seen that beyond the point P the two curves 
cross; in other words, the muscle may even elongate due to 
increase of extensibility when it contracts. This, is known after 
its discoverer as Weber's paradox. 

Influence of Temperature on Extensibility .—If a piece of iced 
india-rubber is taken and stretched by a weight, its retractility 
when the weight is removed is very small. If, now, when the 
weight is on it, it is warmed at one point as by placing the hand 
°n it, its retractility is increased and it contracts, raising the 
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weight. Some physiologists have considered that muscular con¬ 
traction can be explained in this way; they have supposed that 
the heat formed in muscular contraction acts like warmth as 
applied to india-rubber. This view is, however, very far-fetched. 
It is much more probable that there is no causal relationship 
between the temperature-change and the extensibility-change 
which occur when muscle contracts; both are simultaneously 
produced by a common cause, called a stimulus. 

Moreover, the influence of heat on muscle is by no means the 
same as that on india-rubber. This influence is not invariable, 
and at certain temperatures near the freezing-point, and under 
the influence of certain weights, actual elongation may occur when 
the temperature is raised. 

Muscular Tonus. 

In the living animal muscles are more or less stretched, but 
never taut between their two attachments. They are in a state 
of tonicity or tonus, and when divided they contract and the two 
parts separate. Thus a muscle, even at rest, is in a favourable 
condition to contract without losing time or energy in taking in 
slack. 

Muscular tonus is under the control of the nervous system; 
the muscles lengthen when their nerves are divided, or when 
they are rendered physiologically nerveless by curare. Besides the 
nervous system, the state of muscular nutrition dependent on a 
due supply of healthy blood must also be reckoned as important 
in maintaining muscular tonus. 

Work of Muscle. 

The question of muscular work is intimately associated with 
that of elasticity. In a technical sense, work (W) is the product 
of the load ( l ) and the height ( h) to which it is raised. W = ly.h. 

Thus in fig. 156, when the muscle is unloaded the work done 
is nil: W = BC x 0 = 0 . When the load is 250, again the work 
done is nil, because then h = O. With the load 50, W= 50 X B'C'. 

If the height is measured in feet and the load in pounds, work 
is expressed in terms of foot-pounds. If the height is measured 
in millimetres or metres, and the load in grammes, the work is 
expressed in gramme-millimetres or gramme-metres respectively. 

This may be shown diagrammatically by marking on a hori¬ 
zontal base line or abscissa distances proportionate to different 
■weights, and vertical lines (ordinates) drawn through these would 
represent the height to which they are lifted (see fig. 157). 
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‘ In the diagram the figures along the base line represent 
grammes, and the figures along the vertical line represent milli¬ 
metres. The work done as indicated by the first line is 10 X 5 = 50 
gramme-millimetres, the next 20x6 = 120 gramme-millimetres, 


i to W) .'ill -1(1 



Fig. 157.—Diagram to show the mode of measuring muscle work. (McKendrick.) 


and so on, while the last on the right, 100X3 = 300 gramme- 
millimetres. It is thus seen that the height of a muscle curve is 
no measure of the work done by the muscle unless the weight 
lifted is taken into account as well. 

The following figures are taken from an actual experiment done 
with the frog’s gastrocnemius (Weber):— 


Weight lifted. 

Height. 


Work done. 

<; grammes 

27'C millimetres 

138 gramme-millimetres 

15 

25U 

376 

»* 

25 

'45 

286 

?» 

30 

73 

219 



The work increases with the weight up to a certain maximum, 
after which a diminution occurs, more or less rapidly, according 
as the muscle is fatigued. 

Similar experiments have been made in human beings, weights 
being lifted by the 
calf muscles, or elbow 
muscles, leverage being 
allowed for. In the 
higher animals the 
energy so obtained com¬ 
pared to those of the 
frog is about twice as 
great for the same 
volume Of muscular Fig. isS.-Dynamometer. 

tissue. 

Pig. 138 represents a common form of dynamometer for 
clinical use, employed in testing the muscles of the arms and 
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hands. It is squeezed by the hand, and an index represents kilo¬ 
grammes of pressure. 

The muscle, regarded as a machine, is sometimes compared to 
artificial machines like a steam-engine. A steam-engine is sup¬ 
plied with fuel, the latent energy of which is transformed into 
work and heat. The carbon of the coal unites with oxygen to 
form carbonic acid, and it is in this process of combustion or 
oxidation that heat and work are liberated. Similar, though 
more complicated, combustions occur in muscle. In a steam- 
engine a good deal of fuel is consumed, but there is great economy 
in the consumption of the living muscular material. Take the 
work done by a gramme (about 15 grains) of muscle in raising a 
weight of 4 grammes to the height of 4 metres (about 13 feet); 
in doing this work probably less than a thousandth part of the 
muscle has been consumed in the process. 

Next let us consider the relationship between the work and the 
heat produced. An ordinary locomotive wastes about 96 per 
cent, of its available energy as heat, only 4 per cent, being 
represented as work. In the best triple-expansion steam-engine 
the work done rises to 12 ‘5 per cent, of the total energy. 

In muscle, various experimenters give different numbers. Thus, 
Fick calculated that 33 per cent, of the mechanical energy is 
available as work ; later he found this estimate too high, and 
stated the number as 25 ; Chauveau gives 12 to 15; McKendrick 
17. Thus muscle is a little more economical than the best 
steam-engines; but the muscle has this great advantage over any 
engine, for the heat it produces is not wasted, but is used for 
kdeping up the body temperature, which, if it fell below a certain 
point, would lead to death not only of the muscles but of the 
body generally. 
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CHAPTER XII. 

THE ELECTRICAL PHENOMENA OF MUSCLE. 

t 

We have seen that the chemical processes occurring in muscular 
contraction lead to a transformation of energy into work and 
heat-. These changes are accompanied with electricaldhsturEafices 
also. 

The history* of animal electricity forms one of the most 
fascinating of chapters in physiological discovery. It dates from 
,786, wh<a^h^ ^ fim 02^ 

Professor of Anatomy and Physiology at the University of Bologna, 
and his wife was one day preparing some frogs’ legs for dinner, 
when she noticed that the apparently dead legs became convulsed 
when sparks were emitted from a frictional electrical machine 
which stood by. Galvani then wished to try the effect of 
lightning and atmospheric electricity on animal tissues. So he 
hung up some frogs’ legs to the iron trellis-work round the roof 
of his house by means of copper hooks, and saw that they con¬ 
tracted whenever the wind blew them against the iron. He 
imagined this to be due to electricity secreted by the animal 
tissues, and this new principle. ^ , ca |lcd Galvanism . But all 
his friends did not agree with this idea, amT'iiiost prominent 
among his opponents was Volta, Professor of Physics at another 
Italian university, Pavia. He considered that the muscular con¬ 
tractions were not due to animal electricity, but to artificial 
electricity produced by contact with different metals. 

The controversy was a keen and lengthy one, and was ter¬ 
minated by the death of Galvani in 1798. Before he died, how¬ 
ever, he gave to the world the experiment Vnnwp ^ 
without m etals,” v^hioh ^rfli study presently and which con¬ 
clusively proved the existence of animal electricity. Volta, how¬ 
ever, never believed in it. In his hand electricity took a physical 
turn, and the year after Galvani’s death he invented the Voltaic 
pile, the progenitor of our modern batteries. Volta was right in 
maintaining that galvanism can be produced independently of 
animals, but wrong in denying that electrical currents could be 

* For a full and interesting account of this subject the reader is referred 
to Professor McKendrick’s “Text-book of Physiology.” Vol. I., chap, xviii. 
The account in the text is mainly a brief summary of this chapter. 
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obtained from animal tissues. Galvani was right in maintain¬ 
ing the existence of animal electricity, but wrong in supposing 
that the contact of dissimilar metals with tissues proved his 
point. 

This conclusion has been arrived at by certain new methods of 
investigation. In 1820 Oersted discovered electro-magnetism: 
that is, when a galvanic current passes along a wire near a 
magnetic needle, the needle is deflected one way or the other, 
according to the direction of the current. This led to the inven¬ 
tion of the astatic needle and the galvanometer, an instrument by 
which very weak electrical currents can be detected. For a long 
time the subject of animal electricity, however, fell largely into 
disrepute, because of the quackery that grew up around it. It is 
not entirely free from this evil nowadays; but the scientific in¬ 
vestigation of the subject has led to a considerable increase of 
knowledge, and among the names of modern physiologists associa¬ 
ted with it must be particularly mentioned those of Du Bois 
Keymond and Hermann. 

Before we can study these it is, however, necessary that we 
should understand the instruments employed. 

The Galvanometer. —The essential part of a galvanometer is 
a magnetic needle suspended by a delicate thread ; a wire coils 




round it; and if a current flows through the wire, the needle is 
deflected. Suppose a man to be swimming with the current with 
his face to the needle, the north pole is turned to the left hand. 
But such a simple instrument as that shown in fig. 159 would not 
detect the feeble currents obtained from animal tissues. It is 
necessary to increase the delicacy of the apparatus, and this is 
done in several ways. In the first place, the needle must be 
rendered astatic, that is, independent of the earth’s magnetism. 
The simplest way of doing this is to fix two needles together (as 
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hown in fig. 160), the north pole of one pointing the same way 

as the south pole of the other. The 
current is led over one needle and 
then over the other; the effect is to 
produce a deflection in each in the 
same direction, and so the sensitiveness 
of the instrument is doubled. If now 
the wiro is coiled not only once, but 
twice or more in the same position, each 
coil has its effect on the needles; the 
effect of multiplying a- weak current 
in this way is accomplished in actual 
galvanometers by many hundreds of 
turns of fine wire. 




Fig. 161. — Kcflecting galvanometer. (Thomson.) 
A. The galvanometer, which consists of two sys¬ 
tems of small astatic needles suspended by a fine 
hair from a support, so that each set of needles is 
■within a coil of flne insulated copper wire, that 
forming the lower coil is wound m an opposite 
direction to the upper. Attached to the upper 
set of needles is a small mirror about | inch 
in diameter; the light from the lamp at B is 
thrown upon this littlemirror, and is reflected upon 
thescale on the other sideof B, notshown inflgure. 
The coils u l are arranged upon brass uprights, 
and their ends are carried to the binding 
screws. The whole apparatus is platted upon a 
vulcanite plate capable of being levelled by the 
screw supports, and is covered by a brass-bound 
glass shade, the cover of which is also of brass, 
and supports a brass rod A, on which moves a 
weak curved magnet m. C is the shunt by means 
of which the amount of the current sent into the 
galvanometer may be regulated. When in use the 
scale is placed about three feet from the galvano¬ 
meter, which is arranged east and west, the lamp is lighted, the mirror is made to 
swing, and the light from the lamp is adjusted to fall upon it, and it is then regulated 
until the reflected spot of light from it falls upon the zero of the scale. The wires from 
the non-polarisable electrodes touching the muscle are attached to the outer binding 
screws of the galvanometer, a key intervening for short circuiting, or if a portion only 
of the current is to pass into the galvanometer, the shunt should intervene as well with 
the appropriate plug in. When a current passes into the galvanometer the needles 
and, with them, the mirror, are turned to the right or left accoiding to the direction of 
the current. The amount of the deflection of the needle is marked on the scale by the 
spot of light travelling along it. 
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Fig, r6i illustrates the best galvanometer: that of Sir 
William Thomson (now Lord Kelvin). It is called a reflecting 
galvanometer, because the observer does not actually watch the 
moving needle, but a spot of light reflected from a little mirror, 
which is attached to anci moves with the needle. A very small 
movement of the needle is rendered evident, becau.se the move¬ 
ment of the spot of light being, as it were, at the end of a long 
lever—namely, the beam of light, magnifies it. 

Non-polarisabla Electrodes.— If a galvanometer is connected 
with a muscle by wires which touch the muscle, electrical currents 
would be obtained in the circuit which are set up by the contact 
of metal with muscle. The currents so obtained would be no 
evidence of electro-motive force in the muscle itself. It is there¬ 
fore necessary that the wires from the galvanometer should have 
interposed between them and the muscle some form of electrodes 

which arc non-polarisable. Fig. 162 
shows one of the earliest non-polarisable 
electrodes of Du Bois lleymond. It 
consists of a zinc trough on a vulcanite 
base. The inner surface of the trough 
is amalgamated and nearly filled with 
a saturated solution of zinc sulphate. 
Into the trough is placed a cushion of 
blotting-paper, which projects over the 
edge of the trough ; on it there is a 
pad of china cl Ay or kaolin, moistened 
with physiological salt solution (o‘6 per 
cent. Nad) ; on this pad one end of the 
muscle rests. The binding screw (k) connects the instrument to the 
galvanometer ,• the other end, or the middle of the same muscle, is , 
connected by another non-polarisable electrode in the same way to 
the other side of the galvanometer. If there is any electrical dif¬ 
ference of potential (that is, difference in amount of positive or 
negative electricity) between the two parts of the muscle thus led 
off, there will be a swing of the galvanometer needle; the galvano¬ 
meter detects the existence and direction of any current that occurs. 

Fig. 163 shows a more convenient form of non-polarisable 
electrodes. 

In order to measure the strength (electromotive force) of such currents, 
the mere amount of swing of the needle is only a very rough indication, 
and in accurate work the following arrangement must be used (fig. 164). 
The electromotive force is usually measured in terms of a standard Daniell 
cell. The two surfaces of the muscle (M) are connected to a galvanometer 
(B); the needle swings, and then a fraction of a Daniell cell is introduced 
in the reverse direction so as to neutralise the muscle current, and bring 



Fig. 162.—Non-polarisable elec¬ 
trode of Du Bois Keymond. 
(McKcndrick.) 
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back the needle to rest. From the Daniel K, wires pass to the ends a, b of 
a long platinum wire of high resistance, called the compensator; c is a 
slider on this wire ; a and o arc connected to the galvanometer, the com- 



Fig. 163. — Diagram of Du Bois Beymond’s non-polarisable electrodes, a, glass tube filled 
•with a saturated solution of zinc sulphate, in the end, c, of which is china day drawn 
out to a point; in the solution a well amalgamated zinc rod is immersed and con¬ 
nected, by means of the wire a, with the galvanometer. The remainder of the 
apparatus is simply for convenience of application. The muscle and the end of the 
second electrode arc to the right of the figure. 

mutator C enabling the observer to ensure that the current from the Daniell 
passes in the opposite direction to that produced by the muscle. If the 
slider e is placed at the end b of the compensator, the whole strength of 
the Daniell will be sent through the galvanometer and will more than 



K 


Fig. 164.—Arrangement for measuring the electromotive force of muscle. 

' (McKendrick.) 

neutralise the muscle current; if c is half way between a and b, half the 
Daniell’s strength will be sent in; but this is also too much ; ae will be found 
to be only quite a small fraction of ab ; and this fraction will correspond 
to a proportional fraction of the electromotive force of the Daniel celL 
Xdppxnann’a Capillary Electrometer. —This instrument is often used 
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instead of the galvanometer, It consists of a glass tube drawn out at one 
end to a fine capillary and filled with mercury. It is connected to an 
apparatus by which the pressure on this mercury can be lowered or increased 



Kg. 165. —Lippmann’s Capillary Electrometer. 

1. Treasure apparatus and microscope on stand of which the capillary tube is 

fixed. 

2. Capillary tube, fixed in outer tube containing 10 per cent, sulphuric acid: 

the platinum wires are also shown. 

3. Capillary and column of mercury as seen in the field of the microscope. 



I I II 


Kg- 166.—Prog’s heart. Diphasic variation. Simultaneous photograph of a single beat 
(upper black line), and the accompanying electrical change indicated by the level of 
the black area, which shows the varying level of mercury in a capillary electrometer. 
(Waller.) 
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The capillary is enclosed within another tube filled with 10 per cent, sul¬ 
phuric acid. Two platinum wires fused through the glass, pass respectively 
into the mercury and the acid, the other ends of these wires are connected 
by electrodes to two portions of the surface of a muscle. The capillary 



Fig. 167. —Human heart. Diphasic variation, ee , and simultaneous cardiogram, 
c<;. Time tl is marked in j^th second. The lead offs to the capillary electrometer were 
from the mouth to the sulphuric acid, and from the left foot to the mercury. 
(Waller.) 

tube is observed by a microscope ; the surface of the mercury is in a state of 
tension which is easily increased or diminished by variations of electrical 
potential, and the mercury moves in the direction of the negative pole. 

If the shadow of the mercurial column is thrown upon a travelling sensi¬ 
tive photographic plate, photographs are obtained which show the electrical 



Fig. 168.—Scheme of, a Itheotome. (Waller.) 

variations in a living tissue in a graphic manner. The instrument is exceed¬ 
ingly sensitive and its indications are practically instantaneous. Figs. 
166 and 167 indicate the kind of result one obtains with the heart, which 
will be more fully discussed when we are considering that organ. 

The Hheotome. —This is an instrument by means of which the time of 

K.». h 
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the occurrence of electrical disturbances in relation to the contraction 
of a muscle can be determined. This is in principle effected by a 
revolving bar carrying two contacts, one in the primary or exciting circuit 
(i, I, i, i), one in the galvanometer circuit (2, 2, 2, 2). The bar revolves, 
and by making or breaking the primary circuit, sends an induction shock 
into the nerve at the same instant. 

The muscle is connected by non-polarisable electrodes to the galvano¬ 
meter ; this circuit includes the brass blocks 2, 2, on the disc over which the 
bar revolves, and a compensator not shown in the figure to neutralise any 
current set up by the muscle in a state of rest. If an electrical change 
occurs in the muscle, it is only noticed by the galvanometer if at the same 
time the bar on its revolution connects the two brass blocks on the disc, and 
so completes the circuit. The apparatus can be set so that the bar. makes 
the primary contact (1,1) simultaneously with the galvanometer contacts, 
or that the galvanometer contact is made, 1, 2, 3, &c. hundredths of a second 
later than the primary contact. If the two are closed simultaneously the 
electrical condition of the muscle is tapped off at the moment of excitation ; 
if the galvanometer contact is closed 1 » n , -fa, ^ &e. second after excitation, 
the electrical condition of the muscle at that particular instant is ascertained. 
By a number of experiments with different intervals between the making 
of the two contacts, one ascertains how long after the excitation the change 
in the electrical condition of the muscle takes place. 

We can now pass on to a consideration of results. 

In muscles that are removed from the body, it is found that on 
leading off two parts of their surface to a galvanometer, that the 



Fig. 169.— Diagram of the currents in a muscle prism. (Du Bois Beymond.) 

galvanometer needle generally swings. The most marked result 
is obtained with a piece of muscle in which the fibres run parallel 
to one another, and the longitudinal surface is connected with one 
of the cut ends by a wire (2 in fig. 169). 

On the course of the wire a galvanometer indicates that a 
current flows from the cent re to the cut e nd ou t sid e th e muscle, 
and from the cut end to th e centre i nsi de t h e muscle . If, now, 
the muscle is made to" contract, the needle returns more or less 
: completely to the position of rest. 

Du Bois Revmond. who first described these facts, called the 
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first current the curre nt of reat, and the second current, which 
occurs at the instfCfitTof commencing contraction, the cyxxwU-JtC 
action, ; the change in direction being indicated by the expression 
negative variation ; this means that the current of action is in the 
opposite direction to the current of rest, send therefore lessens or 
neutralises it. I)u Bois Reymond explained this by supposing 
that a muscular fibre is built up of molecules, each of which is 
positive in the centre and negative at both ends. So when a 
muscle is cut across, a number of the negative ends of these 
molecules is exposed. On contraction the difference between the 
centre and ends of each moleCftle is lessened, and the resultant 
effect on the whole muscle (made up of Such molecules) is similar. 

There is no doubt about the facts as described by Du Bois 
Reymond. We now adopt, however, an entirely different view of 
their meaning: in causing this revolution of ideas the principal 
part has been played by Herrmann. The new idea is that the 
so-called current of rest does not exist; it is really a current 
produced by injury, and is now generally called a deniarcation 
current : the more the ends of the muscle are injured the more 
negative they become; and when they are connected to the 
uninjured centre, a current naturally is set up as described by 
Du Bois Reymond. If a musc le is absolutely uninjured it is iso¬ 
electric ; that is, it gives no currenf atalT wTirnTwo”par tiToFTFar e 
connected together by a wire. 

We may put the main conclusions concerning this subject in 
the form of a number of propositions :— 

1. Uninjured muscle at rest is iso-electric. 

2. Dead muscle is iso-electric. 

3. But dead muscle is negative to uninjured living muscle. 

4. Dying muscle, i.e., injured muscle, is also negativo to un¬ 
injured muscle; thus we get a demarcation current on 
connecting the uninjured to the injured part of a muscle. 

5. Not only are dying and dead portions of muscles negative 
to uninjured resting muscle, but the same is true for con¬ 
tracting muscle at the moment.it begins to contract. 

6. When a muscle removed from the body contracts, the 
previously positive part in the centre contracts most because 
it is least injured ; hence, the electrical condition of the 
centre approaches that of the injured ends; hence, the 
demarcation current is diminished ; thus,'Du Bois Reymond’s 
negative variation is accounted for. 

7. In a curarised muscle, the wave of contraction (see p. 125) 
is accompanied by a wave of increased negativity travelling 

d 2 
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at the same rate. This is followed very rapidly by a return 
to the original condition; hence the change is often spoken 
of as a diphasic one. 

8 . The electrical change in a contracting muscle accompanies 
the commencement of the other changes. This has been 
ascertained by the use of the capillary electrometer, which 
confirms the earlier experiments made with the rheotomo. 
The electrical change lasts only a few thousandths of a 
second, and is over long before the other changes in form, &c. 
are completed. Prof. Burdon Sanderson gives the following 
numbers from experiments with the frog’s gastrocnemius. 
When the muscle is excited through its nerve, the electrical 
response begins xttVt) an d the change of form - rT Aro' second 
after the stimulation ; the second phase, that is, the return 
to the previous condition, begins second after excita¬ 

tion. When the muscle is directly excited, the latent period 
is much shorter, the change in form beginning an d 

the electrical change in less than TT nnr °f a second after 
excitation. 

Muscle is not the only tissue which exhibits electrical phenomena. 
A nerve which is uninjured is iso-electric; injury causes a demar¬ 
cation current; activity is accompanied with a similar diphasic 
Wave travelling along the nerve sinmltaneoxisly with the nervous 
impulse. The activity of secreting glands, and also of the retina, is 
accompanied with electrical changes of the same kind. 

But the most prominent exhibition of animal electricity is 
seen in the electric organs of electric fishes. In some of these 
fishes the electric organ is modified muscle, in which a series, as 
it were, of hypertrophied end plates correspond to the plates in a 
voltaic pile. In other fishes the electric organ is composed of 
modified skin glands. But in each case the electric discharge is 
the principal phenomenon that accompanies activity. 


The Rheoscopic Frog. 

The electrical changes in muscle can be detected^ by_j, jjtueh 
simpler instrument than thegalvanometer or electrometer. This 
is known as rheoscone. ' and consists of. an 

ordi n ary m uscle, nerve preparation from a fresh and .vigorous frog- 
The nerve is stimulated by Hie'electrical changes occurring in 
muscles, and the nervous impulse So generated causes a contrac- 
tion'of the muscles of the rheoscopic preparation. The following 
are the principal eipetifneuts that can be shown in this way — 
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1. Contraction without metals. If the nerve of a nerve-muscle 
preparation A is dropped upon another muscle B (or upon its own 
muscle) it will be stimulated by the injury current of the muscle 
on which it is dropped, and lead to a contraction of the muscle 
which it supplies. The experiment succeeds best if the nerve is 



dropped across a longitudinal surface and a freshly made trans¬ 
verse section. 

2. Secondary contraction. This is caused by the current of 
action. If, while the nerve of A is resting on the muscle B, the 
latter is made to contract by the stimulation of itrf nerve; the 
nerve of A is stimulated by the electrical variation which accom¬ 
panies the contraction of the muscle B, and so a contraction 



of muscle A is produced. This is called secondary contraction. 
It may be either a secondary twitch or secondary tetanus, accord¬ 
ing as to whether the muscle B is made to contract singly or 
tetanically. 

3. Secondary contraction from the heart. If an excised but still 
boating frog’s heart is used instead of muscle B, and the nerve of 
A laid across it, each heart’s boat, accompanied as it is by an 
electrical variation, will stimulate the nerve and cause a twitch 
ip the rheoscopic muscle A, 
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CHAPTER XIII. 

THERMAL AND CHEMICAL CHANGES IN MUSCLE. 

In muscular contraction there is a transformation of the poten¬ 
tial energy of chemical affinity into other forms of energy, espe¬ 
cially work and heat. Heat is a form of motion, in which there 
j is movement of molecules ; work is a form of motion in which 
f there is movement of masses. The fact that when a blacksmith 
hammers a piece of iron it becomes hot is a familiar illustration 
of the transformation of one mode of movement into the other. 
Heat is measured in heat-units or calories. One calorie is the 
energy required to raise the temperature of i gramme of water 
from o° to i° C.; and this in terms of work is equal to 425^5 
gramme-metres; that is, the energy required to raise the weight 
of 425^5 grammes to the height of 1 metre. 

A muscle when uneontracted is nevertheless not at absolute rest. 
We have already seen that it possesses tonus or tone; it also 
possesses what we may call chemical tone ; that is, chemical 
changes are occurring in it, and consequently heat is being pro¬ 
duced. But when it contracts, the liberation of energy is 
increased; work is done, and more heat is produced; the heat 
produced represents more of the energy~thaTTEhe work done. The 
more resistance that is offered to a muscular contraction, the 
more is the work done relatively increased and the heat diminished. 
The amount of heat produced is increased by increasing the 
tension of the muscle. It diminishes as fatigue comes on. On 
increasing the strength of the stimulus the amount of heat 
increases faster, proportionately, than the work performed. 

If work is done by a few large, contractions, more heat is pro¬ 
duced than if the same work is done by a larger number of smaller 
contractions; that is, more chemical decomposition occurs, and 
fatigue ensues more rapidly in the first case. This fact is within 
the personal experience of everyone. If one ascends a tower, the 
.work done is the raising of the weight of one’s body to the top of 
the tower. If the staircase in the tower has a gentle slope, each 
Btair being low, far less fatigue is experienced than if one ascended 
to the same height by a smaller number of steeper steps. 

On a cold day one keeps oneself warm by muscular exercise; 
this common fact is confirmed by more accurate experiments on 
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isolated muscles, the heat produced being sufficient to raise tempo¬ 
rarily the temperature of the muscle. This can be shown in 
larger animals by inserting a thermometer between the thigh 
muscles and stimulating the spinal cord. The rise of temperature 
may amount to several degrees. 

In the case of frog’s muscles, Helmholtz found that, after 
tetanising them for two or three minutes, the temperature rises 
0*14° to o’18° C.; and for each single twitch Heidonliain gives a 
rise of temperature of from o'ooi° to o - oo5° C. 

For the detection of such small rises, in temperature a thermo¬ 
pile, and not a thermometer, is employed. 

A thermopile consists of a junction of two different metals; the 
metals are connected by wires to a galvanometer. If the junction 
is heated an electrical current passes round the circuit, and is 
detected by the galvanometer. The metals usually employed are 

cCEb f CD ) f KD ) 

Y ri if Tfi 

B-*A A<-B B<~A 3A 

1 Couple. 2 Couples. 3 Couples. 

Fig. 172.—Scheme of thermo-electric coupler (After 'Waller.) 

iron and German silver, or antimony and bismuth. If the number 
of couples in the circuit is increased, each js affected in the 
same way, and thus the electrical current is increased through 
the galvanometer. The arrangement is shown in the fig. 172, 
which also indicates the direction of the currents produced, the 
metals employed being antimony and bismuth. By using r6 
couples of this kind Helmholtz was able to detect a change of 
nnnr °f a degree Centigrade. 

Within certain limits, the strength of the current is directly 
proportional to the rise of temperature at the junction. 

If two couples are in circuit, as shown in the secoud diagram, 
and they are heated equally, no current will pass through the 
galvanometer, the current through one couple being opposed by 
the current through the other. But if the two couples are heated 
unequally, the direction of swing of the galvanometer , needle 
indicates which is the warmer. To apply this to the frog’s gastro¬ 
cnemius, plunge several needle-shaped couples (diagram 3) into a 
frog’s gastrocnemius of one side and the same number of couples 
into the gastrocnemius of the other side, and then excite first one 
then the other sciatic nerve, a deflection of the galvanometer will 
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be observed first in one, then in the other direction, indicating the 
production of heat first on one side, then on the other. 


Chemical Changes in Muscles. 

The chemical changes which are normally occurring in a resting 
muscle are much increased when it contracts. Waste products of 
oxidation are discharged, and the most abundant of these is c arbonic 
acid. Sarco-lactic acid is also produced, and the alkaline reaction 
ofji. normal musCt^feTepTa^dT^y an acid, one. The muscles of 
animairirunted'tTrdeath are acid ; the acid reaction to litmus paper 
of a frog’s gastrocnemius can be readily shown after it has been 
tetanised for 10 to 15 minutes. 

The quantity of oxygen consumed is increased, but the con¬ 
sumption of oxygon will not account for the much greater increase 
in the discharge of carbonic acid. This is illustrated by the 
following table:— 


t 

| Venoiw Blood. 

O, lews than 
Arterial Blood. 

CO. more than 
Arterial Blood. 

Of resting muscle... 

9 per cent. 

671 per cent. 

' Of active muscle ... 

i 

12 '36 per cent. 

1079 per cent. 


Indeed, a muscle can be made to contract and give off oxidation 
products like carbonic acid in an atmosphere containing no oxygen 
at all. The oxygen used is thus stored up in the muscle pre¬ 
viously. Herrmann has supposed that the oxygen enters into 
the formati on of a complex hypothetical compound he calls inogen. 
On cont H cHonTuTconsiders this is broken up into carbonic acid, 
lactic acid, and a prdfeld residue of myosin. 

There are other chemical chang es in th e muscle when it 
contracts—namely, a change of g l ycogen into sugar, and an 
■i ncrease of nitrogenous was te. The question^"whether urea is in¬ 
creased during muscular activity is, however, a much debated one, 
and we shall return to it when we are studying the urine. What 
is certain is that the increased consumption of carbon (possibly in 
large measure derived from the carbohydrate stored in the muscle) 
is a much more marked and immediate feature than an increase 
in the consumption of nitrogen. 
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Fatigue. 

If the nerve of a nerve-muscle preparation is continually 
stimulated, the muscular contractions become more prolonged 
(see p. 124), smaller in. extent, and finally ceaseValtogether. 

The muscle is said to be fatigued : this i s duo to the consump - 
tion of Jhe-.aubatajaoegr fHMlft^ , - , ^ 

luusele, but more particularly to the accumulation of waste 
T)'n>(ITicta „gf fjpnjiiTif ft 1 ^" 1 of these, sarco-lactic acid is probably The 
principal one. Fatigue may be artificially induced in a muscle by 
feeding it on a weak solution of lactic acid, and then removed by 
washing out the muscle with salt solution containing a minute 

i 

Is it in the nerve, the muscle, or the end-plates 1 If, after fatigue 
has ensued and excitation of the nerve of the preparation produces 
no more contractions, the muscle is itself stimulated, it contracts ; 
this shows it is still irritable, and, therefore, not the seat of 
fatigue. 

If an animal is poisoned with curare, and it is kept alive by 
artificial respiration, excitation of a motor nerve produces no con¬ 
traction of the muscles it supplies. If one goes on stimulating the 
nerve for many hours, until the effect of the curare has disappeared, 
the. block at the end-plates is removed and the muscles contract: 
the seat of exhaustion is therefdre not in the nerves. 

By a process of exclusion it has thus been localised in the 
nerve-endings. 

When the muscle is fatigued in the intact body, there is, how¬ 
ever, another factor to be considered beyond the mere local 
poisoning of the end-plates. This is the effect of the producta-of 
contraction passing iiito the, circulation and poisoning the central 
nervous system. It is a matter of common experience that one’s 
mental state influences markedly the onset of fatigue and thg. 
a mount of muscular_arork one c an do.~ This aspect of the question 
has been specially studied by Mosso; he invented an instrument 
called the ergograph. The arm, hand, and all the fingers but one 
are fixed in a suitable holder; the free finger repeatedly lifts a 
weight over a pulley, and the height to which it is raised is 
registered by a marker on a blackened surface. 

By the use of this instrument he has arrived at the conclusion 
thafUfag. Btate of the brain and central nervous system gener ally 
is a most importahTfactor m fatigueTand that the fatigu e proauot s 


trace of an alkali. If the muscle is left to itself in the body,, the 
blood stream washes 111 on of acid products, and 


Phe question next presents itself, where is the seat of fatigue 1 
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p roduced in the mia adea^diuaxig ^aek eause some. ol.±h£iijf iniu.ri.2Ufi 
effects ^ acting, on thn central .nervous system. .aai&„dimi»i8hwg 
its'pdwer of sending out impulses. 


Rigor Mortis. 

After the muscles of the dead body have lost their irritability 
or capability of being excited to contract by the application of 
a stimulus, they spontaneously pass into a contracted condition. 
It affects all the muscles of the body; and, when external circum¬ 
stances do not prevent it, commonly fixes the limbs in that which 
is their natural posture of equilibrium or rest. Hence, and from 
the simultaneous contraction of all the muscles of the trunk, is 
produoed a general stiffening of the body, constituting rigor mortis 
or post-mortem rigidity. 

When this condition has set in, the muscle (a) becomes acid in ■ 
reaction (due to development of sarco-lactic acid), (b) gives of 
carbonic acid in great excess, and (c) becomes shortened and opaque .j 
Rigor comes on much more rapidly after muscular activity, and 
is hastened by warmth. 

The i mmediate cause of rigor is a chemical one—namely, 
the coagulation of the muscle plasma. We may distinguish 
three main stages—i. Gradual coagulation. 2. Contraction of 
coagulated muscle-clot (myosin), and squeezing out of muscle- 
serum. 3. Putrefaction. 

It has been noticed that the relaxation in muscles after rigor 
sometimes occurs too quickly to be caused by putrefaction, and 
the suggestion that in such cases at any rate such relaxation is 
due to a ferment-action is very plausible. It is known that 
pepsin is present in muscle, and that this ferment will act in an 
acid medium. The conditions for the solution of the coagulated 
myosin are therefore present as the reaction of rigored muscle is 
acid. 

Order of Occurrence. —The muscles are not affected simul¬ 
taneously by rigor mortis. It affects the neck and lower jaw 
first; next, the upper extremities, extending from above down¬ 
wards ; and lastly, reaches the lower limbs; in some rare in¬ 
stances only, it affects the lower extremities before, or simul¬ 
taneously with, the upper extremities, It usually ceases in the 
order in which it begins: first at the head, then in the upper 
extremities, and lastly in the lower extremities. I t never com ¬ 
me nces a ai-Kof t-on minnftiH and n ever later than seven 
homy after tWfh • and its durat ion_is gre ater in proporti<a uJio- 
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the lateness of i ts accessi on. Heat is developed during the pa^ 
sage~oFamuHCuIar fibre into the cond it ion of rigor mortis . 

Since rigfdity does not ensue until muscTefT have lost the 
rapacity of be ing excited by externa l it . follows that all 

circumstances which cause a speedy exhaustion of muscular irri¬ 
tability, induce an early occurrence of the rigidity, while con¬ 
ditions by which the disappearance of the irritability is delayed, 
are succeeded by a tardy onset of this rigidity. Hence its speedy 
occurrence, and equally speedy departure in the bodies of persons 
exhausted by chronic diseases; and its tardy onset and long 
continuance after sudden death from acute diseases. In, some 
cases of sudden death from lightning, violent injuries, or paroxysms 
of passion, rigor mortis has been said not to occur at all; but 
this is not always the case. It may, indeed, be doubted whether 
there is really a complete absence of the post-mortem rigidity in 
any such cases; for the experiments of Brown-Sequard make it 
probable that the rigidity may supervene immediately after 
death, and then pass away with such rapidity as to be scarcely 
observable. 

The occurrence of rigor mortis is not prevented by the previous 
existence of paralysis in a part, provided the paralysis has not 
been attended with very imperfect nutrition of the muscular 
tissue. 


Chemical Composition of Muscle. 

Tho phenomena of yigor mortis will be more intelligible if we 
consider the chemical composition of muscle. 

The connective tissue of muscle resembles connective tissue 
elsewhere : the gelatin and fat obtained in analyses of muscle are 
derived from this tissue. The sareolemma is composed of a sub¬ 
stance which resembles elastin in its solubilities. 

The contractile substance within the muscular fibres is, during 
life, of semi-liquid consistency, .and contains a large percentage of 
proteids and smaller quantities of extractives and inorganic salts. 
By the use of a press this substance can be squeezed out of per¬ 
fectly fresh muscles, and it is then called the nwsclgtflasma. 

After death, muscle-plasma, like blood-plasma, coagulates (thus 
causing the stiffening^ known as rigor mortis). The solid clot 
corresponding to the fibrin from blood-plasma is calle d myosin, and 
the liquid residue is called the muscle-serum. 

Pursuing the analogy further, it is found that the coagulation 
of both muscle-plasma and blood-plasma can be prevented by cold, 
by strong solutions of neutral salts, and by potassium oxalate, 
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which precipitates, as the insoluble oxalate of calcium, the lime 
salts essential for the coagulation process. In both cases the 
clotting is produced by the action of a ferment developed after 
death. In both cases the precursor of the solid clot is a proteid 
of the globulin class which previously existed in solution. 

Fibrin in the blood-clot is formed from the previously soluble 
fibrinogen of the blood-plasma. Myosin in the muscle-clot is 
formed from the previously soluble myosinogen * of the muscle- 
plasma. When the blood-clot contracts it squeezes out blood- 
serum ; when the muscle-clot contracts it squeezes out muscle- 
serum. The muscle-serum contains small quantities of albuminous 
material, together with the extractives and salts of the muscle. 
The origin of the sarco-lactic acid is a controversial question q some 
consider "If orTginates from the carbohydrate (glycogen and sugar) ; 
others thrnk it comes from the proteid molecules in the muscle. 

The general composition of muscular tissue is the following :— 


Water . 

75 

per cent 

Solids 

. . 25 

99 

Proteids 

18 

99 

Gelatin 

Fat 

’ 2 to 5 

99 

Extractives 

• • 0-5 

99 

Inorganic salts 

1 to 2 

99 


The proteids, as already stated, chiefly pass into the clot: very 
little is found in the muscle-serum. 

The extractiv es comprise a large number of organic substances, 
all present in small quantities, some of which are nitrogenous, like 
creatine, cre atinine, xant hine, and hypoxanthine; the rest are 
non-uitrogenous—namely, fats, glycogen, sugar, inogite, and the 
variety of lactic acid known as sarco-lactic acid. The inorganic 
salts, are chiefly salts of potassium, especially potassium phosphate. 

The condition of dead muscle reminds one something of con¬ 
tracted muscle. Indeed, the similarity is so striking that Herr¬ 
mann has propounded the idea that contracted muscle is muscle 
on the road to death, the differences between the two being of 
degree only. He considers that, on contraction, inogen (see 
p. 152) is broken up into carbonic acid, sarco-lactic acid, and 
myosin ; on death' the same change occurs, only to a much more 
marked extent. 

* The myosin precursors are really two in number, paramyosinogen, which 
is coagnlated by heat at 47 0 —50°, and myosinogen, which is coagulated by 
heat at 56° C. 
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This idea is a far-fetched one, but it is a useful reminder of the 
similarities of the two cases. In chemical condition, contracted 
and dead muscle are alike, so far as the formation of acid products 
is concerned; there is, however, no evidence of any formation of 
a muscle-clot (myosin) during the contraction of living muscle, as 
there is in dead muscle. Then heat is produced in both cases, 
and in both cases also the muscle is negatively electrical to un¬ 
contracted muscle. 

Here, however, the analogy must end : for living, contracted 
muscle is irritable, dead muscle is not. Living contracted muscle 
is more extensible than uncontracted muscle; muscle in rigor 
mortis is not so (see fig. 153, p. 134). 


CHAPTER XIV. 

COMPARISON OF VOLUNTARY AND INVOLUNTARY MUSCLE. 

The main difference between voluntary and involuntary muscle 
is the difference expressed in their names. Voluntary muscle is 
under the control of that portion of the central nervous system 
the activity of which is accompanied by conscious volition. 
Involuntary muscle on the other hand, is, as a rule, also under 
the control of the central nervous system, but of a portion of the 
central nervous system the activity of which is independent of 
volition. There appear, however, to be exceptions to this rule, 
and the involuntary muscle executes its contractions independently 
of nervous control; that is to say, it is sometimes in the truest 
sense of the term really involuntary. This is very markedly seen 
in the developing heart of the embryo, which begins to beat 
before any nerve fibres have grown into it from the central 
nervous system. 

Another characteristic of involuntary muscle is a tendency to 
regular alternate periods of rest and activity, or rhyth miealitg.‘ 
This is best exemplified in the heart, but it is also seen in the 
lymphatic vessels, especially the lymph hearts of the frog, and the 
mesenteric lymphatic vessels (lactcals) of many animals. It is 
seen in the veins of the bat’s wing, and in the muscular tissue of 
the spleen. 

A third characteristic of involuntary muscle is peristalsis . If 
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any point of a tube of smooth muscle such as the small intestine 
is stimulated, a ring-like constriction is produced at this point. 
After lasting some time at this spot it slowly passes along the 
tube in both directions at the rate of 20 to 30 millimetres per 
second. This advancing peristaltic wave normally takes place in 
only one direction, and so serves to drive on the contents of the 
tube. 

Involuntary muscle nearly always contains numerous plexuses 
of non-mcdullated nerve-fibros with ganglion cells ; so that much 
.discussion has taken place on the question whether the phenomena 
of rhythmicality and peristalsis are properties of the muscular 
tissue itself or of the nerves mixed with it. The evidence 
available (namely, that portions of muscular tissue entirely free 
-frOm nerves act in the same way as those that possess nerves), 
indicates that it is the muscular rather than the nervous tissues 
■that possess these properties ; though it can hardly be doubted 
that under usual circumstances the contraction of involuntary 
muscle is influenced and controlled by nervous agency. 

The artificial stimuli employed for smooth muscle are the same 
as those used for striated muscle; single induction shocks are 
often ineffectual to produce contraction, but the make, and to 
a less extent the break of a constant current will act as a 
stimulus. 

The faradic current is a good stimulus, but it never throws 
involunfSr/'muscle into tetanus ; in the heart, strong stimulation 
will sometimes effect a partial fusion of the beats, but never 
complete tetanus. The rate of stimulation makes no difference; 
in fact, very often a rapid rate of stimulation calls forth less 
rapidly occurring contractions than a slow rate. 

A stimulus strong enough to produce a contraction at all 
usually elicits a maximum contraction, but the phenomenon 
known as the staircase (see p. 124) is generally better marked 
in the case of the heart than in that of voluntary muscle. 

The contraction of smooth npiscle is so sluggish that the 
various stages of latent period, shortening and relaxation can be 
followed with the eye; the latent period often exceeds half a 
second in duration. . 

The normal contraction of voluntary muscle is a tetanus 
(voluntary tetanus); the normal contraction of plain muscle is a 
much prolonged single contraction. A very valuable piece of 
evidence in this direction is seen in the experiment on the heart 
■with the physiological rheosoope (see p. 149). Each time the 
heart contracts the rheoscopic preparation executes a single 
twitch, not a tetanus. This is an indication that the electrical 
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change is a single one, and not a succession of changes such as 
would occur in tetanus. 

When, however, this single electrical change is examined with 
the electrometer, it is seen that it really is a diphasic one. It is, 
however, only different in degree from the* change which produces 
the current of action in a voluntary muscle. 

If a voluntary musclo is stimulated at one end, a wave of 
contraction travels along it to the other. Supposo two points of 
the muscle (a) and (b) are connected by non-polarisable electrodes 
to a galvanometer ; as soon as the wave of contraction reaches 
(a), this point becomes negative to (/>), and therefore a current 
flows from ( b ) to (a). A moment later the two points are 
oquipotential, and no current flows ; a thousandth of a second 
later this balance is upset, and now (b) is negative to (c) and the 
galvanometer needle moves in the opposite direction. The varia¬ 
tion is here also diphasic ; but in a slowly contracting tissue like 
the heart the two phases arc separated by a prolonged period of 
equipotentiality, and thus they are rendered more distinct. The 
illustrations already given (figs. 166 and 167) show this fact 
graphically. 

But though involuntary muscle cannot be thrown into tetanus, 
it has the property of entering into a condition of sustained 
contraction called tonus. Wo shall have to consider this ques¬ 
tion again in connection with the plain muscular tissue of the 
arterioles. 

Involuntary muscle when it'contracts undergoes thermal and 
chemical changes similar to those we have dealt with in the case 
of the voluntary muscles. 

The nerve-endings in involuntary muscle require a much larger^ 
dose of curare to affect them than the end-plates in voluntary 
muscle. 

The phenomena of rigor mortis in involuntary muscle have, 
never been fully studied. What has been found is that the! 
chemical composition of involuntary muscle differs in no note¬ 
worthy manner from that of voluntary muscle, and on death the 
muscle becomes acid; such products as carbonic acid and sarco- 
lactic acid are formed. In the heart, stomach and uterus rigidity 
has been noted, but in the case of the other involuntary muscles 
it has never been satisfactorily observed. 
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CHAPTER XV. 

PHYSIOLOGY OF NERVE. 

Many points relating to the physiology gf uervc h^vp beeif 
already studied in connection with muscle. llut there still remain 
further questions upon whidh we^have hardly touched yet 


Classification of Nerves. 

The nerve fibres which form the conducting portions of the 
nervous system may be classified into three main groups, according 
to the direction in which they normally conduct Trcfve impulses. 
These three classes are :— 

1. Efferent nerve fibres. 

2. Afferent nerve fibres. 

3. Inter*central nerve fibres. 


1. Efferent or centrifugal nerves_ 

impulses from the centrar'Tlexvx.w.vw system (brain and spinal 
cord) to other .parts . of,..the body. When for instance there is a 
wish to move the hand, the impulse starts in the brain, and travels a 
certain distance dow r n the spinal cord; it loaves the spinal cord by 
one of the spinal nerves, and so reaches the muscles of the hand 
which are thrown into contraction . This is c alled a r notor nerve, 
but all efferent nerves are not motor, some causo secretion instead 
of movement, and others may cause a stoppage of movement, etc. 
A list of the efferent nerves is as follows:— 


a. Motor. 

b. Accelerator. 

c. Inhibitory. 

d. Secretory. 

e. Electrical. 

/. Trophic. 

a. Motor nerve s. Some of these go to voluntary muscles; others 
to involuntary muscles, such as the vaso-motor nerves which 
supply the muscular tissue in the walls of arteries. 

b. Accelerator nerv es, are thoae which produce H.p int-ronse in 
the rate of~i-hythmic al actio n. An instance of these is seen 
in the synfpaEHetic nerves that supply the heart. 
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c. Inhibitory rmryna arc those which causa A Blowing in the rate 

of rhythfflic n ,! fl fiftinn, it l rrn y by it .p i cessation. 

Inhibitory nerves are found supplying many kinds of in¬ 
voluntary muscle; a very typical instance is found in the 
inhibitory fibres of the heart which are contained within the 
trunk of the vagus nerve.* 

d. Secretory nerves are found supplying many secreting glands, 
such as the salivary glands, pancreas, gastric glands, and 
sweat glands. The impulse which travels down a seoretory 
nerve causes a formation, of the secretion in the gland it 
supplies. 

e. Electrical nerves are found in the few fishes which possess 
electrical organs. The impulse whioh travels down these 
nerves causes the electrical organ to be thrown into 
activity. 

/. Tronhic nerves are those which controL the au trition of th e 
part they supply . 

2 - es, _W §_. JjPHjdaot 

i mpuls es m lTie MyflTBB" 'MB'ollon, namely from all parts of t he 
body to the central nervous system . When one feels pajn in the 
finger, the nerves of the finger are stimulated, an impulse travels 
up the nerves to the spinal cord, and then to the brain. The 
mental process set up in th e._brain. is ca lled a sensation; the 
sens ation, however, ia. referred- to the .end. of the nerve. where 
the impulse started, a nd the sensation of pain does not appea r 
to occur in the brain, taut In IK eHfinger. This is an instance 
of a sensory nerve; and the terms afferent and sensory mean 
very nearly the same thing. The nerves of sensation may be 
grouped as follows:— 

a. The nerves of special sense, sight, hearing, taste, smell and 
touch. 

b. The nerves of general sensibility, that is of a Vi / e kind o f 
sensation not referable to any of the five special senses just 
enumerated ; as instances we may take the vague feelings 
of comfort or discomfort in the interior of the body. 

c. Nerves of pain. These do not appear to be anatomically 
distinct from the others, but any excessive stimulation of a 
sensory nerve whether of the special or general kind will 
cause pain. 

The words “sensory” and “afferent,” howeyer, are not quite 

* The question has been much debated whether voluntary muscle is pro¬ 
vided with inhibitory nerves; they do, however, appear to be present in 
certain nerves supplying the muscles of the claws of lobsters and similar 
crustaceans. 
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synonymous. Just as we may have efferent impulses leaving 
the brain for the heart or blood-vessels of which we have no 
conscious knowledge, so also afferent impulses may travel to the 
central nervous system which excite no conscious feelings. The 
afferent nerves to the cerebellum form a very good instance of 
these. 

Then, too, the e^tation_of «WiU_excite 

what are called reflex actions. We are very often conscious of 
the sensations that form the cause of a reflex action, but we do not 
necessarily have such sensations. Many reflex actions, for instance, 
occur during sleep; many may be executed by the -sp inal cord 
even after it has been severed from the brain, and s o the brain 
“flfimti l)p nwnrA wlmt iff pcmjrrir.p'. 

A reflex action is. , an action whickJa^the. re s u l t nf a n . ~ affr. ren t 
imgulse. Thus a speck of dust falls into the eye, and causes 
movements of the eyelids to get rid of the offending object. The 
dust excites the sensory nerve-endings of the conjunctiva, an 
impulse travels to the centre of this nerve in the brain, and from 
the brain a reflected impulse travels to the muscles of the 
eyelid. As an instance of a reflex action in which secretion 
is concerned, take the watering of the mouth which occurs 
when food is seen or smelt. The nerves of sight or smell 
convey an afferent impulse to the brain, which refleets, down the 
secretory nerves, an impulse which excites the salivary glands to 
activity. 

These, however, are instances of reflex action which are 
acc omp ani ed with conscious s en s ation, butT~Tik(f"all pure reflex- 
act ions are not under the control of the will. 

An Instance of a reflex action not accompanied with conscious¬ 
ness is seen in a man with his spinal cord cut across or crushed, 
so that any communication between his brain and his legs is 
impossible. He cannot move his legs voluntarily and is un¬ 
conscious of any feelings in them. Yet when the soles of his. 
feet are tickled he draws his legs up, the centre of reflex 
bein g in the gre y matter of the lower region of the 
spinal c ord. 

For a reflex action, three things are necessary : (i) an afferent 
nerve, (2) a nerve-centre consisting of nerve-cells to receive the 
afferent impulse and send Qut .sft- efferent impulse, and (3) an 
effbient neiW atong whlich the efferent impulse may travel. If 
the reflex action is a movement, the afferent nerve is called 
excit o-moto r ; if it is a secretion, the afferent nerve is called txcito ; 
ae^a eior^ . and similarly afferent nerves may also be excito-accelera- 
tor, excij o-inhi bitory, etc. 
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3. Tyit.ttrw««*ra.i-nftrvfla nra tRnaft whicfr connect nerve-centres 
together ; they connect different parts of brain, and of the cord 
to one anotherpand we shall find in our study of the nerve-centres 
that they are complex in their arrangement. 


Investigation of the Functions of a Nerve. 

There are always two main experiments by which the function 
of a nerve may be ascertained. The first is section, the second is 
stimulation . 

Section consists in cutting the nerve and observing the loss of 
function that ensues. Thus, if a motor nerve is cut, motion of 
the muscles it supplies can no longer be produced by activity 
of the nerve-centre; the muscle is paralysed. If a sensory nerve 
is cut, the result is loss of sensation in the part it comes from. 

Stimulation of the cut nerve is the opposite experiment. 
When a nerve is cut across, one piece of it is still connected 
with the brain or spinal cord; this is called the central en d; the 
other piece, called the peripheral end , is still connected with some 
peripheral part of the body. Tloth the central and the peripheral 
end should be stimulated; this is usually done by means of 
induction Bhocks. In the case of a motor nerve, stimulation of 
the central end produces no result; stimulation of the peripheral 
end produces a nervous impulse which excites the muscles to con¬ 
tract. In the case of a sensory nerve, stimulation of the peripheral 
end has no result, but stimulation of the central end causes a 
sensation, usually a painful one,' and reflex actions, which are the 
result of the sensation. 

When a nerve is cut across, there are other results than the 
loss of function just mentioned ; and even though the nerve is 
still left within the body with a normal supply of blood, it 
becomes less and less irritable, till at last it ceases to respond to 
stimuli altogether. This diminution of excitability starts from 
the point of section and travels to the periphery, but is tem¬ 
porarily preceded by a wave of increased excitability travelling in 
the same direction (Ritter-Valli law). 

This loss of excitability of nerve is accompanied with degen¬ 
erative changes which are of so great importance as to demand a 
separate section. 


, Degeneration of Nerve. 

Suppose a nerve is cut right across, the piece of the nerve lefj; 
m connection with the brain or spinal cord remains healthy both 

u 2 
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in structure and functions ; but the peripheral piece of the nerve 
loses its functions and undergoes what is generally called after 
the discoverer of the process, WaUerian deg eneration. A nerve is 
made up of nerve-fibres, and each nerve-fibre is essentially a branch 
of a nerve-cell; when the nerve is cut the axis cylinders in the 
peripheral portion are separated from the cells of which they are 



Pis* 173. —Degeneration and Regeneration of nerve-fibres, a, nerve-fibre, fifty hours after 
operation, m y, medullary sheath breaking up into mvelin drops, p, granular proto- 

S lottm replacing myelin, n, nucleus, g, primitive sheath, b, nerve-fibre after four 
ays. ey, axis cylinder partly broken up and enclosed in portions of myelin, c, a more 
advanced stage in which the medullary sheath has almost disappeared. Numerous 
nuclei, »" are seen, d, commencing regeneration; several fibres («', «") have sprouted 
from the somewhat bulbous cut end (6) of the nerve, a, an axis cylinder which has 
not yet aoquired its medullary Bheath. 1 , s' primitive sheath of the original fibre. 
(Ranvier.) 

branches, and from which they have grown. These separated 
portions of the axis cylinders die, and the medulla ry sheath of 
each undergoes a gradual process of disintegration into drople ts 
of mvelin . which are ultimately absorbed and removed by the 
lymphatics. At the same time there is a multiplication of the 
nuclei of the primitive sheath. This degenerative process begins 
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two or three days after the section has been made. In the case 
of the non-medullated fibres, there is no medullary sheath to 
exhibit the disintegration changes just alluded to ; and the nuclei 
of the sheath do not multiply ; there is simply death of the axis 
cylinder. 

The degeneration occurs simultaneously throughout the whole 
extent of the nerve; it does not start from the section and travel 
to the periphery. 

A great amount of attention has been directed to this process 
of degeneration, because it has formed a valuable method of 
research in tracing nervous tracts, and ascertaining the nerve-cells 
from which they originate. It must not, however, be regarded as 
an isolated phenomenon in physiology ; it is only an illustration 
of the universal truth that any portion of a cell (in this case the 
axis cylinder process) cut off from the nucleus of the cell degen¬ 
erates and dies. 

If a nerve is simply cut, and allowed to heal, regeneration of 
function in time occurs. This is hastened by the surgeon 
suturing the cut ends of the nerve together. It must not, how¬ 
ever, be supposed that this is due to a restoration of the structure 
of the fibres in the peripheral portions of the cut nerve. It is 
due to new nerve-fibres sprouting out from the central end of the 
cut nerve, and growing distalwards in the old sheaths. This is 
illustrated in D, fig. 173. 


Functions of the Boots of the Spinal Nerves. 

The general truths enunciated in the two preceding sections 
are well illustrated by the experiments made to determine the 
functions of the roots of the spinal nerves. Each spinal nerve 
originates from the spinal oord by two roots. One of these is 
called the anterior or ventral root: it consists of nerve-fibres 
which originate from the large multipolar cells in that portion of 
the grey matter in the interior of the spinal cord which we shall 
presently learn to call the anterior horn. These nerve-fibreB are 
all medullated ; the large ones join up with the posterior root to 
form the Bpinal nerve; the small nerve-fibres leave the root and, 
pass to the sympathetic chain, whence they are distributed as 
non-medullated fibres to the involuntary muscular fibres of the 
blood-vessels, etc.* 

* Becent researches indicate that in some animals like frogs, some of these 
small fibres for the supply of involuntary muscles leave the cord by the 
posterior roots. 
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The other root, the posterior or dorsal root , has upon it a col¬ 
lection of nerve-cells forming the spinal ganglion. Each nerve¬ 
cell is enclosed within a nucleated sheath of connective tissue 
origin, and it is from these nerve-cells that the fibres of the 
posterior roots grow. In the embryo, each nerve-cell has two 
processes (fig. 174, a), one of which grows to the spinal cord, 
where it terminates by branching around the multipolar cells of 
the grey matter; the other process grows outwards to the peri¬ 
phery. In the adult the two processes coalesce in the first part of 
their course, forming a T-shaped jimction. 

The first experiments on the functions of the spinal nerve-roots 

were performed in this 
country by Sir Charles 
Bell (1811), and in 
France by Magendie 
(1822). These observers 
A. n found that on s ection o f 

'vs^/'-'x P the anterior .roots there 

\ r —S. resulted paralys is of t he 

\ J f (g) j muiclei " supplie d by the 

If \ J fierves~J on section of 

Ij the - posteriorTOOtS there 

\ was loss of sensation. 

\ These experiments 

\\ B. clearly pointed to the 

conclusion that the an- 
torior roots contain the 
efferent (motor) fibres : 

Kg. 174 .—a, Bipolar cell from spinal ganglion of a —Tf 1, ' r~"T — , 

4 J weeks embryo (after His). n, nucleus j the and the pos terior roo ts 
arrows indicate the direction in which the nerve +-u Q oftovaivF'’ /ooimnisr) 
processes grow, one to the spinal cord, the other “ ne —(Sensory f 

io the periphery, b, a cell from a spinal ganglion fibres. This conclusion 

of the adult; the two processes have coalesced to 

form a T-ahaped junction. was confirmed by the 

experiment of stimula¬ 
tion. Stimulation of the peripheral end of the cut anterior 
root caused muscular movement; of the central end, no effect. 
Stimulation of the central end of the cut posterior root 
caused pain and reflex movements; of the peripheral end, no 
effect. 

Recurrent sensibility. —One of the statements just made requires 
a slight modification; namely, excitation of the peripheral end of 
a divided anterior root will evoke pain and reflex moyem epta, as 
well aiJ®reJtjffloyhihenl^‘;* that is to say the anterior root though 
composed mainly of motor fibres contains a few sensory fibres 
coming probably from the membranes of the spinal cord, and 
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then running into the posterior root with the rest of the sensory 
fibres. They often, however, run down the mixed nerve a con¬ 
siderable distance before returning to the posterior roots. 

Degeneration of roots .—The facts in connection with this sub¬ 
ject were made out by Waller (1850), and may behest understood 
by referring to the next diagram. 

A represents a section of the mixed nerve beyond the union 
of the roots ; the whole nerve beyond the section degenerates, and 
is shaded black. 


B represents the result of section of the anterior root; only 
the anterior root-fibres degenerate; the sensory fibres of the 
posterior root remain intact. The small medullated nerve-fibres 
(not shown in the diagram) also degenerate as far as the ganglion 
cells of the sympathetic 


system with which they 
communicate. The recur¬ 
rent sensory fibres in this 
root do not degenerate with 
the others, but are found 
degenerated in the part 
of the anterior root still 
attached to the spinal 
cord. 

Section of the posterior 
mot always produces the 
same physiological effect 
(loss of sensation) wherever 
the section is made, but 
the degeneration effect is 
different according as the 



Pig. 175.—Diagram to illustrate Wallerian de¬ 
generation of nerve-roots. 


section is made on the 


proximal or distal side of the ganglion. This is illustrated 
by diagrams C and D. If the section is made beyond the 
ganglion the degeneration occurs as shown in C beyond the 
section in the peripheral portion of the posterior root-fibres; the 
anterior root remains intact except for the recurrent sensory fibres 
which it contains. If the section is made as in D, between the 


ganglion and the cord, the only piece that degenerates is the 
piece severed from the ganglion and running into the cord; these 
fibres may be traced up in the posterior columns of the spinal 
cord until they terminate in grey matter which they do at 
different levels. The whole of the sensory fibres including the 
recurrent ones which are still attached to the ganglion remain 
histologically healthy. 
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The next figure is one of the original illustrations made by Dr. 
Waller, and not published until the publication of his son’s text¬ 
book quite recently. I am indebted to 
the present Dr. Waller for permission 
to reproduce it. 

These facts of degeneration teach 
us, what we also learn from the study 
of embryology, that the nerve-fibr es 
of the anterior root are conn ected to 
tEe nervje.-fiells cord, 

while the posterior root-fibres ar e 
connected to the cells of t he spin al 
ganglia; or to put ft another way, 
the trophic centres which control the 
nutrition of the nerve-fibres is situated 
within the cord for the anterior roots, 
and within the spinal ganglia for the 
posterior roots. 

Changes in a Nerve during 
Activity. 

When a nerve is stimulated, the 
change produced in it is called a 
nervous impulse .; this change travels 
along the nerve, and the propagation of some change is evident 
from the effects which follow : sensation, movement, secretion, &c.; 
but in the nerve itself very little'change can be detected.' There 
is no change in form; the most delicate thermo-piles have failed to 
detect any production of heat, and we are also ignorant of any chemi¬ 
cal changes. The only alteration which can be detected as evidence 
of this molecular change in a nerve is the electrical one. Healthy 
nerve is iso -RlBct.n> ) but during the passage of nervous impulse 
along it there is a wave of momentarily increased negativity, 
which travels at the same rate as the nervous Impulse! TEiscan 
be detected by the instruments already described in connection 
with muscle. 

Velocity of a Nerve Impulse. 

A nervous impulse is not electricity; compared to electricity 
its rate of propagation is extremely slow. It has been measured 
in motor-nerves as follows: a muscle-nerve preparation is made 
with as long a nerve as possible ; the nerve is stimulated first as 
near to the muscle, and then as far from the muscle as possible. 



Fig. 176.— Groups of fibres from 
the anterior and posterior 
roots several days after soo- 
tion of both roots dose to the 
cord; the anterior fibres are 
degenerated; the posterior, 
being still in connection with 
the nerve-cells from which 
they grew, are normal. 
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The moment of stimulation and the moment of commencing con¬ 
traction is measured by taking muscle tracings on a rapidly moving 
surface in the usual way, with a time-tracing beneath. The con¬ 
traction ensues later, when the nerve is stimulated at a distance 
from the muscle, than in the other case, and the difference in the 
two cases gives the time occupied in the passage of the impulse 
along the piece of nerve, the length of which can be easily 
measured. 

A similar experiment can be performed on man by means of the 
transmission myograph (see p. 12 9). If a tracing of the contrac¬ 
tion of the thumb muscles is taken, the two stimuli may be 
successively applied through the moistened skin, first at the 
brachial plexus below the clavicle, and secondly, at the median 
nerve at the bend of the elbow. 

Another method, largely employed by Bernstein, is to take the 
electrical change as the indication of the impulse. The rheotome 
is the instrument used. If fig. 168 is referred to, and a long 
nerve substituted for the muscle-nerve preparation, the stimulus 
is applied at one end, and the change in the electrical condition of 
the nerve is recorded by the galvanometer, which is connected to 
the other end of the nerve. The time measurement is effected by 
the adjustment of the rheotome, which must be such as to tap off 
the electrical change at the moment it occurs. 

The rate of the transmission of nervous impulses discovered by 
these methods is, in a frog’s motor-nerve, 28 to 20 metres a second ; 
in human motor-nerves, ft 3 metr eB a second; in sensory nerves, 
30 to 33 metres a second 


Direction of a Nerve Impulse. 

Nerve impulses are condn^Pfl : 

in efferent nerves to, in afferent nerves from the nerve-centos, 
But there are some expenihents whi6ll point ‘to the conduction 
occurring under certain circumstances in both directions. 

Thus, in the rheotome experiment just described, ifjth,&j*erve 
is stimul ated in the middle instead, of at one end, the elec trical 
chan ge (the evidenoe of an impulse) is founcT" t o be conducted 
towards both^eadaj af the ne rve. 

Kiihne’s gracilis experiment proves the same point. The gracilis 
muscle of the frog (fig. 177) is in two portions, with a tendinous 
intersection, and supplied by a nerve that divides into two bundles; 
excitation strictly limited to one of these bundles causes both 
portions of the muscle to contract. 







170 


PHYSIOLOGY OF NERVE. 


[OH. xv. 


Older experiments, designed to prove the same point, were per¬ 
formed by Paul Bert. He grafted the tip of a rat’s tail either to 

the back of the same rat, or to the nose 
pf another. When union had been effected, 
the tail was amputated near its base. 
After a time, irritation of the end of the 
trunk-like appendage on the back or nose 
of the rat gave rise to sensation. The 
impulse thus passed from base to tip, 
instead of from tip to base, as formerly. 
This experiment does not, however, prove 
the point at all; for all the original nerve- 
fibres in the tail must have degenerated, 
and the restoration of sensation was due 
to new fibres, which had grown into the 
Fig. 177.—Gracilis of frog. tail. Exactly the same objection holds 

to another series of experiments, in which 
the motor and sensory nerves of the tongue were divided and 
united crosswise. Restoration of both movement and sensation 
does occur, but is owing to new nerve-fibres growing out from the 
central stumps of the cut nerves. 

Chemistry of Nervous Tissues. 

The nervous tissues contain a large amount of water; it is 
present in larger amount (85 to 90 per cent.) in grey matter than 
in white matter (about 7 per cent.) ; in early than in adult life; 
in the brain than in the spinal cord; in the spinal cord than in 
nerves. 

The solids contain :— 

a. Proteids : these comprise about half the solid matter in grey 
matter, and about one-third of the solid matter in white 
matter and nerve. In other words, proteid is most abundant 
where the cells are situated, which is what one would expect. 
The proteids found are nucleo-proteid and globulin. 

b. Albuminoids : (1) nouro-keratin contained within the white 
substance of Schwann, and forming the chemical basis of 
neuroglia, the supporting tissue of the nerve-centres; (2) 
nuclein from the nuclei of the cells. 

c. Fatty materials : the most important of these is lecithin, a 
complex fat containing phosphorus and nitrogen, in addition 
to carbon, hydrogen and oxygen. 

d. Cerebrins : nitrogenous substances of unknown constitution 
which yield a reducing sugar (galactose) on hydration. 
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e. Cholesterin : a crystalline alcohol which we shall study more 
fully in connection with bile, where it is also found. 

f. Extractives, similar to those found in muscle, but in very 
minute quantity. 

g. Gelatin and fat from the adherent connective tissue. 

h. Inorganic salts. 

The following table gives some of the quantitative analyses that 
have been made of the solids in percentages :— 


j 

Portion of 
j Nervous System. 

1 

Pro- 

teids. 

Lecithin. 

i 

Oholesto- 
rin and 
Fat. 

Cere- 

brill. 

! 

1 

Neuro- 

keratin. 

Other 
organic 
j matters. 

Salts. 

j Grey matter ] 
of Brain ...J 


ss 

1 

! I 

l 7 

19 

0‘S 

: 

! 

67 

r 5 

White matter | 

1 

2 S 

1 

52 

95 



o-6 

of Brain ...J 

\ 

10 

| 3‘3 

Spinal Cord. 

23 i 



75 1 



ri 

Human Sciatic \ 

3 6 I 

32 

1 

11 




Nerve . / 

12 1 

3 

4 



Nothing is known of the changes these undergo during the 
activity of nerve. When nervous tissues die, they, like muscles 
and all organs of the body, become acid from the development of 
lactic acid. 

In Wallerian degeneration, the staining reactions indicate that 
the lecithin, the principal constituent of the medullary sheath, is 
replaced by ordinary fats. But this has not been proved by actual 
chemical analysis. 


CHAPTER XVI. 

ELECTROTONUS. 

When a constant current is thro wninto a jaervo. there is an 
excita tion which leads to a nervo u s unpufse" ' pro^iicm^T^muscufar 
contraction of the mmTc^^ Similarly, 

While the current is flowing through the nerve, the muscle is 
quiescent. But while the current is flowing there are changes in 
the nerve, both as regards its electrical condition and its 
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exoitability. These changes are summed up in the expression 
electrotonus . 

In the Investigation of this subject, the instruments employed 
are the same as those ajready described with the addition of two 
others, that it will be convenient to describe before passing on 
to the study of electrotonus itself. These are the reverser or 
commutator, and the rheochord. 

Pohl's commutator is the form of reverser generally employed. 
It consists of a block of ebonite provided with six pools of 



Fig. 178.—Pohl’s commutator, with cross wires. 


mercury, each of which is provided with a binding screw. The 
comer pools are connected by diagonal cross wires, and by a 
cradle consisting of an insulating handle fixed to two arcs of 
copper wire which can be tilted so that the two middle pools can 
be brought into communication with either of the two lateral 
pairs of pools. Fig. 178 shows how, by altering the position of the 
oradle, the direction of the current from one electrode to the other 
is reversed. The numbers 1, 2, 3, <fcc. indicate the path of the 
current in the two cases. 

Sometimes the reverser is used without the cross wires for a 
different purpose. The battery wires are connected as before with 
the middle mercury pools. Each lateral pair of pools is connected 
by wires to a pair of electrodes. The two pairs of electrodes may 
be applied to two portions of a nerve, or to two different nerves, 
and by tilting the cradle to right or left the current can be sent 
through one or the other pair of electrodes. 

The Rheochord is an instrument by means of which the strength 
of a constant current passed through a nerve may be varied. It 
consists of a long wire (r, r, r) stretched on a board. This is 
placed as a bridge an the course of the battery current. (See fig- 
179.) The current is thus divided into two parts: one part 
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through the bridge, the other through the nerve which is laid 
across the two terminal wires. The resistance through the bridge 
is varied by the position of the slider (as). The farther the slider 
is from the battery end of the instrument, the longer is the 
bridge, and the higher its resistance, so*that less current goes 
that way, and more to the nerve. 



The next figure shows the more complicated form of rheochord 
invented by Poggendorf. The number of turns of wire is greater, 
so that the resistance can be varied to a much greater extent 
than in the simpler form of the instrument. 

The term “ electrotonus ” includes two sets of changes in the 


V \ 



Tig. 180.-Poggendorf g rheochord. (McKendriOk.) 


nerve ; first an electrical change, and secondly a change in 
excitability. We will take the electrical change first 
Eleotrotonio currents.—The constant current is passed 
through the nerve from a battery, non-polarisable electrodes 
>emg used; it is called the polarising current. If portions of 
the nerve beyond the electrodes are connected (“led off”) as in 
e % ur ? 11 by non-polarisable electrodes to galvanometers, a 
current will m each case be indicated by the swing of the galvano¬ 
meter needles. ■ The eleotrotonio current in the neighbourhood of 
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the negative polo or kathode is called the kathelectrotonic current; 
and that in tho neighbourhood of the anode is called the 
anelectrotonic curren t,. In both cases the electrotpnic current has 
The sarao direction a§.the polarising current. These currents are 
dependent on the physical integrity of medullated nerve ; they 
are not found in muscle, tendon, or non-medullated nerve ; they 
are absent or diminished in dead or degenerated nerve. They 
can, however, be very successfully imitated in a model made of 
zinc wire encased in cotton soaked with salt solution. The 
electrotonic currents must bo carefully distinguished from the 
normal current of action, which is a momentary change rapidly 
propagated with a nervous impulse which may be produced by 
any method of stimulation. T he electrotonic currents are pro* 
a need only by an electrical (polarising) current; they vary in 



intensity with the polarising current, and last as long as the 
polar ising mirrimt passes through the nerve. 

After the polarising current is removed, after-electrotonic currents occur 
in different directions in the three regions tested. 

(«) In the intrapolar region, the after-current is opposite in direction 
to the original polarising current; unless the polarising current is 
strong and of short duration, when it is in the same direction. 

(V) In the kathelectrotonic region, the after-current has the same 
direction as the kathelectrotonic current. 

(o') In the anelectrotonic region, tho after-current has at first the 
same, then the opposite direction as the anelectrotonic current. 

'^The experiment known as the paradoxi cal contraction depends 
upon electrotonic currents. The sciatic nerve of the TFog divides 
in the lower part of the thigh into two parts. If one division is 
cut across, and its central end stimulated electrically (the spinal 
cord having been previously destroyed), the muscles supplied *b» 
the other branch contract; the nerve fibres in this branch having 
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been stimulated by the clectrotonic variation in the divided 
branch.* 

Bleotrotonic alterations of excitability. —When a constant 
current is passed through a nerve, th e excitability of the ne rve 
is increased in the region nf . thc kathorlPj a.n<l diminished hi 
inuTTregloh of the anode. When the current is taken., .out the 
excitability is temporarily increased in the neighbourhood., of the 
anode, and diminished in that of the kathode. 

This may be shown in the case of a motor nerve by the fol¬ 
lowing experiment. The next diagram represents the apparatus 
used :— 



Fig. 182.—Diagram of apparatus used in testing electrotonic alterations of excitability. 

\ 

An exciting circuit for single induction shocks is arranged in 
the usual way, the exciting electrodes being placed on the nerve 
near the muscle. A polarising circuit is also arranged, and in¬ 
cludes a battery, key, and reverser; the current is passed into 
the nerve by means of non-polarisable electrodes. When the 
polarising current is thrown into the nerve, or taken out, a con¬ 
traction of the muscle occurs, but these contractions may be dis¬ 
regarded for the present. 

The exciting circuit is arranged with the secondary coil so far 
from the primary that the muscle responds to break only, and 
the tracing may be recorded on a stationary blackened cylinder. 

* The term “ paradoxical contraction ” used in this sense must be carefully 
distinguished from the same term as employed by Westphal and adopted by 
many physicians. He uses it for a slow tonic contraction occurring in a 
muscle when its attachments are suddenly brought nearer together. This 
is best seen in the tibialis antious, and the contraction may last several 
minutes. This condition is much more marked in certain diseases, but its 
explanation is not known. 
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Move the oylinder on a short distance, and repeat this. The 
height of the lines drawn may be taken as a measure of the 
excitability of the nerve. Now throw in the polarising current 
in a descending direction (i.e., towards the muscle); the kathode 
iB then the non-polarisable electrode near to the exciting elec¬ 
trodes. While the polarising current is flowing, take some more 
tracings by breaking the exciting current. The increase in .the 
excitability of the nerve is shown by the much larger contrac¬ 
tions of the muscle; probably a contraction will be obtained now 
at both make and break of the exciting current. After removing 
the polarising current, the contractions obtained by exciting the 
nerve will be for a Bhort time smaller than the normal, but soon 
return to their original size. 

Exactly the reverse occurs when the polarising current is 
ascending, i.e., from the muscle towards the spinal cord. The 
non-polarisable electrode near the exciting electrodes is now the 
anode. While the polarising current is passing, the excitability 
of the nerve is diminished so that induction shocks which pre¬ 
viously produced contractions of a certain size, now produce 
smaller contractions, or none at all. On removing the polarising 
current, the after-effect is increase of excitability. 

The following figure is a reproduction of a tracing from an 
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Fig. 183. —Electrotonus. M, make'; B, break. 

actual experiment. The after-effects are not shown. N repre¬ 
sents a series of contractions obtained when the nerve is normal 
K when it is kathelectrotonicj A when it is anelectrotonic. 
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Exactly similar results are obtained if one uses mechanical' 
stimuli, such as hammering the nerve instead of induction shocks. 
The same is true for chemical stimuli. If the exciting electrodes 
are removed, and salt sprinkled on the nerve near the muscle, 
the latter soon begins to quiver; its contractions are increased 
by throwing in a descending and diminished by an ascending 
polarising current. 

The increase in irritability is called katelectrotonus, and 
the decrease is called anelectrotonus. As there is between the 
electrodes both an increase and a decrease of irritability on the 
passage of a polarising current, it must be evident that the in¬ 
crease must shade off into the decrease, and that there must be 



Fig. 184.—Diagram illustrating the effects of various intensities of the polarising currents. 
71, nerve; a, anode; k, kathode: the curves above indicate increase, and those 
below decrease of irritability, and when the current is small the increase and decrease 
are both small, with the neutral point near n, and as tho current is increased in 
strength, the changes in irritability are greater, and the neutral point approaches fc. 


a neutral point where there is neither increase nor decrease of 
irritability. The position of this neutral point is found to vary 
with the intensity of tho polarising current—when the current 
is weak the point is nearer the anode, when strong nearer the 
kathode (fig. 184). 

Pfliiger’s Law of Contraction. 

The constant current sometimes causes a contraction both at 
make and break, sometimes at make only, sometimes at break 
only. The difference depends on the strength and direction of 
the current; and follows from the electrotonic conditions of ex¬ 
citability wo have been studying. Increase of excitability acts 
as a stimulus ; so that at the make the kathode is the stimu¬ 
lating electrode, and at tho break the anode is the stimulating 
electrode. 


K.P. 


N 
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The facts may be demonstrated in the following way : from a 
battery lead the wires to the middle screws of a reverser (with cross 
wires), interposing a key; from one pair of end screws of the 
reverser lead wires to the binding screws of the rheochord ; from 
these same screws of the* rheochord the non-polarisable electrodes 
lead to the nerve of a nerve-muscle preparation. The strength of the 
current is varied by the slider S. The nearer S is to the binding 



Pig. 185.- Arrangement of apparatus for' demonstrating Pfliiger’s law. 


screws the less is the resistance in the rheochord circuit, and the 
less the current through the nerve. With a weak current, a 
contraction occurs at make only, but more readily, i.e. with a 
weaker current when its direction is descending, i.e. towards the 
muscle. With a stronger current (ascending or descending) con¬ 
traction occurs both at make and break. With a very stroug 
current (six Groves), the contraction occurs only at make with 
a descending current; and only at break with an ascending 
current. 

The contractions produced in the muscle of a nerve-muscle 
preparation by a constant current have been arranged in a table 
which is known as Pfliiger’s Law of Contraction. It is really 
only a statement as to when a contraction may be expected: 


Stbknuth or 

CURRENT USED. 

i 

'i 

DkKCRNIUNO CURRENT. 

. .. . _ 1 

Ahckniuno 

CUBRKNT. 

- 

i: 

Muke. 

Break. 

1 

Make. 

Break. 

Very Weak. 

T 

Yes. 

1 

No. ! 

No. 

No. 

Weak . 

•!! 

Yes. 

No. 1 

Yes. 

No. 

Moderate. 


Yes. 

Yes. ! 

1 

Yes. 

Yes. 

Strong. 

i 1 

•II 

Yes. 

No. ; 

No. 

Yes. 


The increase of irritability at the kathode when the current is 
made is more potent to produce a contraction than the rise of 
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irritability at the anode when the current is broken; and so with 
weak currents the only effect is a contraction at the make of 
both currents. The descending current is more potent than the 
ascending (and with still weaker currents is the only one which 
produces any effect), since the kathode is near the muscle. In 
the ease of the ascending current the impulse produced by the 
stimulus has to pass through a district of diminished irritability, 
which with a very strong current acts as a block, being of con¬ 
siderable amount and extent (see fig. 184 ), but with a weak 
current being less considerable both in intensity and extent, only 
slightly affects the contraction. As the current is stronger how¬ 
ever, recovery from anelectrotonus is able to produce a contraction 
as well as katelectrotonus, and a contraction occurs both at the 
make and the break of the current. The absence of contraction 
with a very strong current at the break of the ascending 
current is due to the fall in irritability at the kathode blocking 
the stimulus due to the rise in irritability at the anode. 

Thus we have seen that two circumstances influence the effect 
of the constant current upon a nerve, viz., the strength and 
direction of the current. It is also necessary that the stimulus 
should be applied suddenly and not gradually, and that the irri¬ 
tability of the nerve should be normal; not increased or diminished. 
.Sometimes (when the preparation is specially irritable) instead of 
a simple contraction a tetanus occurs at the make or break of the 
constant current. This is liable to occur at the break of a 
strong ascending current which has been passing for some time 
into the preparation, or at the make of a strong descending 
current; both being conditions which increase the excitability of 
the piece of nerve nearest to the muscle; this is called Ritter’s 
tetanus, and may be increased by passing a current in the 
opposite direction or stopped by passing a current in the same 
direction. 

The main fact that the kathode is the stimulating electrode at 
the make, and the anode at the break, may be shown in nerve by 
using a current strong enough to give a contraction both at make 
and break, and then ligaturing the nerve between the two 
electrodes so tightly that a nervous impulse cannot traverse the 
block produced. On making a descending current a contraction 
occurs, the kathode being nearest to the muscle, and the kathode 
is the stimulating electrode ; at the break no contraction occurs, 
because the impulse starts at the anode which is cut off from the 
muscle by the ligature. With an ascending current, ’one gets 
just the reverse, namely, a contraction at the break only. 

» 3 
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The same is true for muscle; if a curarised, that is, a physio¬ 
logically nerveless muscle, is arranged as in the experiment for 
demonstrating the muscle wave (see fig. 148, p. 125), and a non- 
polarisable electrode placed at each end, the muscle wave at the 
make of a constant current starts at the negative electrode 
(kathode) and at -the break at the positive electrode (anode). 

An induced current in the secondary circuit of an inductorium 
may be regarded as a current of such short duration that the 
opening and closing are fused in their effects. This is true for all 
induction currents, whether produced by the make or break of 
the primary circuit. The kathode will always be the more 
effective in causing contraction. 

Response of Human Musct.es and Nerves to Electrical 

Stimulation. 

Perhaps the most important outcome of this study of the 
response of muscle and nerve to electrical stimulation is its 
application to the muscles and nerves of the human body, because 
here it forms a most valuable method of diagnosis in cases of 
disease. The following account of this is chiefly an abstract from 
Dr. Gowers’ Manual of Diseases of the Nervous System. 

In the normal state, nerves can be «tirmil«iorl -hv 

f ind uctioi}.shocks, or.by the mak 'e^MTrtfEtlk'Bf '^''coiisCant current. 
In the case of the motor-nerves ~'tfflKl'S' showii by the contraction 
of'the muscles they supply; and in the case of the sensory' nerves 
by the sensations that are produced. In the case of the sensory 
nerves, the sensation produced by the constant current is most 
intense at the instant of make and break, or when the strength 
of the current is changed'in the direction either of diminution or 
increase; but there is a slight sensation due doubtless to the 
electrotonic alterations in excitability which we have been study¬ 
ing, during the whole time that the current is passing. 

When the nutrition of the nerves is impaired, much stronger 
currents of both the induced and constant kinds are necessary to 
evoke muscular contractions than in the normal state. When 
the nerves are completely degenerated (as for instance when they 
are cut off from the spinal cord, or when the cells in the cord 
from which they originate are themselves degenerated as in 
infantile paralysis) no muscular contraction can be obtained on 
stimulating the nerves even with the strongest currents. 

The changes in the excitability of the muscles is less simple, 
because in them there are two excitable structures, the terminar 
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tions of the nerves, and the muscular fibres themselves. Of ‘these, 
the nerve-fibres are the more s ensitive to induction currents , and 
the &ra 3 ic^ttrffiiIa^tion'l)f~sr*muscre under normal circumstances 
is by means of these motor nerve-endings. Thus we find that it s 
excitability corresponds in degree tffi *Vt of the motor-perve 
supplying it. The muscular fibres are, even in the normal state, 
less sensitive to faradism (that is, a succession of induction shocks) 
than the nerve, because they are incapable of ready response to 
stimuli so very short in duration as are the shocks of which a 
faradic current consists. (The proof of this consists in the fact 
that under the influence of curare, which renders the muscle 
practically nerveless, the muscle requires a much stronger faradic 
current to stimulate it than in the normal state.) But when the 
nerve is degenerated, the slowly interrupted constant current 
stimulates the muscle as readily as in the normal state; a contrac¬ 
tion occurs when the circuit is completed or broken-—distinctly 
slower than that which occurs when the nerve-fibres are intact, 
and due to the stimulation of the muscular fibres themselves. 
The fact that, under normal circumstances, the contraction which 
is caused by the constant current is as quick as that produced by 
an induction shock, is ground for believing that in health the 
constant, like the induced current, causes the muscle to contract 
chiefly by exciting the motor-nerves within it. 

When the motor-nerve is degenerated, and will not respond to 
any form of electrical stimulation, the muscle also lo&es all its 
power of response to induction shocks. The nerve-degeneratio nf 1 
is accompanied by changes in the nutrition of the muscular fibres / 
as is evidenced by their rapid wasting, and ffany power of respon se 
to faradism it possessed in the normal state is lost. -P Tjnt th e 
response to the voltaic, nurrent remains, and is indeed, more ready 
t han in health, doubtless in consequence of nutritive changes 
which develop what the older pathologists called, truly enough, 

“ irritable weakness.” There is, moreover, a qualitative as well 
as a quantitative change. In health the first contraction to occur 
on gradually increasing the strength of the current is at the 
negative pole, when the circuit is closed (see Pfliiger’s law), and a 
stronger current is required before closure-contraction occurs at 
the positive pole. But in the morbid state we are discussing, 
closure-contraction may occur at the positive pole as readily as or 
even more readily than at the negative pole. This condition, the 
reasons for which we do not know, is called the “ Reaction of 
Degeneration r * 

Suppose a patieiit comes before one with muscular paralysis. 
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This may be due to disease of the nerves, of the cells of the 
spinal cord, or of the brain. If the paralysis is due to brain 
disease, the muscles will be slightly wasted owing to disuse, but 
the electrical irritability pf the muscles and nerves will be normal, 
as they are still in connection with the nerve-cells of the spinal 
cord that control their nutrition. But if the paralysis is due to 
disease either of the spinal" cord or of the nerves, this nutritive 
influence can no longer be exercised over the nerves or muscles. 
The nerves will degenerate; the muscles waste rapidly; the 
irritability of the nerves to both forms of electrical stimulation 
will be lost; the muscles will not respond to the faradic current, 
but in relation to the constant current they will exhibit what we 
have called the “ reaction of degeneration.” 

This illustrates the value of the electrical method as a means 
of diagnosis, that is, of finding out what is the matter with a 
patient. Jt is also a valuable means of treatment; by making 
the muscles contract artificially, their nutrition is kept up until 
restoration of the nerves or nerve-centres is brought about. 
Another illustration will indicate that the facts regarding 
electrotonic variation of excitability are true for sensory as well 
as for motor nerves; i n a case of neuralgia, relief will often be 
o^taiaed by passing a c onstant ..current through the. nerve; but 
the pole applied to the ner ve must be the anode which produces 
diminution of excita bility, not the kathode which produces the 
reverse. ' .....' 


Waller has pointed out that Pfliiger’s law of contraction, as formulated 
for frogs’ muscles and nerves, is true for human muscles and nerves in the 
main, but there are certain discrepancies. These arise from the method 



Fig. 186.—Electrodes applied to the skin over a nerve-trunk. In a the polar area is 
anelectrotonic, and the peripolar katholeotrotonic. The former condition, therefore, 
preponderates, since the current is more concentrated. In b the conditions are 
reversed, the polar zone corresponding here to the kathode. (After Waller .) 

necessarily employed in man being different from those used with a muscle- 
nerve preparation. In a muscle-nerve preparation the nerve is dissected out, 
the two electrodes placed on it, and the current has of necessity to traverse 
the piece of nerve between the two electrodes. In man, the current is 
applied by means of electrodes or rheophores which consist of metal discs 
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covered with wash leather, and soaked in brine. One of these is placed on 
the moistened skin over the nerve, and the other to some indifferent' point 
such as the back. The current finds its way from one electrode to the other, 
not necessarily through the nerves to any great extent (though it will be 
concentrated at the nerve as it leaves the anode or reaches the kathode), 
but diffuses widely through the body, seeking the paths of least resistance. 
Thus it is impossible to get pure anodic or kathodic effects. If the anode is 
applied over the nerve, the current enters by a series of points (polar zone), 
and leaves by a second series of points (peripolar zone). The second series 
of points is very close to the first, as the current leaves the nerve as soon 
as possible, seeking less resistant paths. The polar zone will be in the con¬ 
dition of anelcctrotonus, the peripolar in that of kathelectrotonus, so that 
although the former effect will predominate, the points being more con¬ 
centrated, the latter effect may prevent a pure anelectrotonic effect being 
observed. 

Excitability and Conductivity. — Excitabilit y of a nerve and its conduc- 
tmiX-dSfinerallX- varyJJ^.&£her. The following experiment, 
however, indicates that these two properties of nerve do not necessarily go 
together. The nerve of a frog’s leg is led through a glass tube, the ends of 
which are sealed with clay, but the nerve must not be compressed. The 
tube is supplied with an inlet and outlet, so that gases may be passed 
through it. Two pairs of electrodes are arranged, so that the nerve can be 
stimulated either within or outside the tube. If carb on ic acid ig j)asaed 
through the tub e, and the nerve stimu l ated^byan Ind uction "shock within 
the tube, the muficlo does not rcnpnnd ; but on atlmulat ing ou tside the tube, 
thernnsele-crmtracts. The nacre. is. there fore, not 'exc itable, t nonyh it~wm 
cond uct impulses . If-al cohol va pour Js used ± conductixLty.-Van.laheaJbcfore 
excitability. Cold acts like carbonic acTdl'Tocialised co id applied to nerve, 
however, increases its excitability to the constant current, and also to 
mechanical and thermal stimuli (Gotch). Waller tests the excitability of 
nerve by the amount of current of action it gives rise to ; nofJby the amount 
of contraction in,the muscle to which it leads. He finds that the effect of 
carbpulc\ acid-is-..ta.,depi , ess tke~activ,ity ©f-nerve ; but after ..the, -gas is 
removed, there is. gix;atly mcrcaaed..actiyity. Ether acts similarly ; but 
with chloroform there is no recovery. 


CHAPTER XVII. 

NERVE-CENTRES. 

The nerve-centres consist they 

are characterised by containing nerve-cells, from Vhicn the nerve- 
fibres of the nerves originate. Small collectionso£jngjj^aBito 
are found also in portions of the peripheral nervous system, where 
they are nal|e(| pannh'a . The spinal ganglia on the posterior 
roots of the spinal nerves, and the sympathetic ganglia are 
instances of these. 
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The general arrangement of the cerebro-spinal axis is given in 
the next diagram, and some anatomical details concerning the 

membranes of the 

brain and cord may 



here be conveniently 
added. 


Membranes of the 
Brain and Spinal 
Cord.— The Brain and 
Spinal Cord are enve¬ 
loped in three mem¬ 
branes — (1) the Dura 
Mater, (2) the Arach¬ 
noid, (3) the Pia Mater. 

(1) The Dura Mater , 
or external covering, is 
a tough membrane com¬ 
posed of bundles .of 
connectiv e .tissue which 
cross at Various angles, 
and in whose interstices 
branched connective- 
tissue corpuscles lie: it 
is lined by a thin elastic 
membrane, and on the 
inner surface and where 
it is not adherent to the 
bone, on the outer sur¬ 
face also is a layer of 
endothelial cells very 
similar to those found 
in serous membranes. 


(2) The Arachnoid is 
a mu ch .more delicate 
membrane, vefV Similar 



mater, and lined on its 
outer or free surface by 
an endothelial mem¬ 
brane. 


(3) The Pia Mater 
consists of two chief 
layers, between which 
numerous Blood-vessels 



’'ii*' ' , , % gjfj’' Pig. 187.—View of the cere- 

-ilSlf -vft. W v * m ‘ ,f 1 bro-Bpinal axis of the 

‘ nervous system. The 

Zj s . r ,.Ml right half of the cranium 

,«a- and trunk of the body 

has been removed by a 
vertical section; the 

. membranes of the brain 

ana spinal cord have also been removed, and the roots and first part of thtf fifth and 
ninth cranial, and of all the spinal nerves of the right side, have been dissected out 
and laid separately on the wall of the skull and on the several vertebr® opposite to 
the place of their natural exit from the cranio-epinal cavity. (After Bourgery.) 
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ramify. Between the arachnoid and pia mater is a network of fibrous- 
tissue trabeculae sheathed with endothelial cells: these sub-arachnoid 
trabeculae divide up the sub-arachnoid space into a number of irregular 
sinuses. There are some similar trabeculae, but much fewer in number, travers¬ 
ing the sub-dural space, i.e., the space between the dura mater and arachnoid. 

Pacchionian bodies are growths from the * sub-arachnoid network of 
connective-tissue trabeculae which project through small holes in the inner 
layers of the dura mater into the venous sinuses of that membrane. The 
venous sinuses of the dura mater have been injected from the sub-arach¬ 
noidal space through the intermediation of these villous outgrowths. 

The more intimate structure * of the brain and spinal cord we 
shall consider at length in subsequent chapters. For the present 
we shall deal with some of the general aspects of the nerve- 
centres, both as regards structure and function. 

Both brain and spinal cord consist of two kinds of tissue, easily 
distinguishable by the naked eye. They are called respectivel y 
white matter and y rey matter. 

White matter is.^.omposod of medullated 
differ in structure from the medullated fibres of nerve by having 
no primitive sheath. 

Grey matter is the true central material so far as regards func- 



Fig. 188.—*. Branched neuroglia-cells. (After Stubr.) 


tion; that is to say, it is the part which receives and sends put 
nervous impulses \ it is. characterised by containing nerve-cells 
and their branches., 

In the brain the grey matter, is chiefly situated on the surface, 
forming what is called, the cortex; the white matter and certain 
subsidiary masses of grey matter are in the interior. 
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In the spinal cord, the grey matter is in the interior, the white 
matter outside. 

In both grey and white matter, the nerve-celjs and nerve-fibres 
are supported by a peculiar tissue yrhfoh ia nailed It 

is composed oi; cells ancl fibres, the ’l atter being prolonged from 
the cells. Some of the fibres are radially arranged. They start 
from the outer ends of the ciliated epithelium cells that line 
the central canal of the spinal cord and the ventricles of the 
brain, and diverge constantly branching towards the surface of 
the organ, where they end by slight enlargements attached to the 
pia mater. The other fibres of the tissue are cell processes of 
the neuroglia or glia cells proper, or spider cells as they are some¬ 
times termed (see fig. 188). 



Fig. 189.—Different forms of ganglion cells. A, a, round ball-shaped unipolar cell from 
the human Gasserian ganglion. A x 240. a x 80. Two cells only show the process 
/; 6, spindle-shaped; e, multipolar ganglion cell from the spinal cord of the ox. X 80. 
d, D, Purkinje ganglion cells from human cerebellum; ax, axis-cylinder process; 
P, protoplasmic process; h, h, two cells surrounded with a nucleated sheath. (Stohr.) 


ins a connective tissue hut it is not 

one m-wigHi. Like the rest of the nervous system, it origi nates 
from the outermost layer of the embryo, the epibla st. All true 
connective tissues are mesoblastic. 

Chemic ally it is very different from connective tissues. It 
consists of an insoluble mate rial called neurg-Jkeratm, or nerve- 
horn, similar to the horny substance keratin which is found in 
the surface layers of the epidermis. 
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Varieties of Merve-Cells. 


Nerve-cells differ a good deal both in shape and size. The 
nucleus is generally large and spherical, with a distinct nucleolus. 
The principal varieties in shape of nerve-cells are shown in fig. 
189. 

They may be roughly divided into three groups, according to 
the number of their processes, into 
unipolar, bipolar, and multipolar ^ 

Unip olar cells, or colls with one tifcmSSSS. 

process, are found in the spina l 
ganglia (fig. 189, a). They are i K&z It" 

snheincal in shape, are enclosed in I 

a nucleated sheath, and the single / 

prdcess~aTfei r “-a short course joins 
one of the nerve-fibres traversing the \ 
ganglion by a T-shaped junction. y. HjjBSSpP^/ 

It has, however, already been ex- V ^iKpjpalr J 

plained (p. 166, fig. x 74) that these \ Ul iro -s^ n 

unipolar cells are in reality bipolar, U j t -. 

the two processes having become ft I /w 

amalgamated for a short distance. \ 1 .Vaflfw / Iff 

Bipolar cells are cel ls wit h .two rlf 

branches. The embryonic condition xl J&Jlt |i 

of the cells of a spinal ganglion Ja 

form one example of these. In \JpQp 

many lower animals the two pro- l a WY 

cesses come off from the opposite 
ends of the cells (fig. 189, b) ; the Mr 

cell appears as a .nucleated e nlarge- I/Ma 

ment on the course of a nerve-fibre. m 3 

In some cases, how r ever, where there * 

appear to be tw r o fibres connected Pig. .too.— sympathetic ganglion cell 
with a cell, one of them is really (BecSe.)'^’ h * hly ma * nifled - 
derived from another cell elsewhere, 

and is passing to end in a ramification which Envelopes the 
ganglion cell; it may, as in the sympathetic ganglia of the 
frog, be coiled spirally around the issuing nerve process (see 
fig. 190). 

Multipolar nerve-cells : here the cell becomes angular or stel¬ 
late. It has been thought in some instances, as in the sympa¬ 
thetic ganglia (fig. 191), that all the processes become nerve- 


of a frog, highly magnified. 
(Beale.) 
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fibres, but this is extremely unlikely, and in most instances, as in 
the large cells of the grey matter of the spinal cord (fig. 189 c, 
and fig. 192), only one process becomes the axis cylinder of a 
nerve-fibre, the others dividing and subdividing in a ramified 
manner until they end in an arborescenee of fine twigs. 

Many of these cells, especially those in the spinal cord, have a 



Fig. 101.—An isolated sympathetic ganglion cell of man, showing sheath with nudeated- 
cell lining, B. A. Ganglion cell, with nucleus and nucleolus, C. Branched process. 
D. Unbranched prooess. (Key and Betzius.) x 750. 


finely fibrillar structure, and the fibrils can be traced into the 
axis cylinder process and the other branches of the cell. Other¬ 
wise the cells have a finely granular appearance,* and often 
possess a deposit of yellowish pigment at one side of the nucleus. 

In preparations made by Golgi’s nitrate of silver method, the 
cells and their processes are stained black by a deposit of silver, 
so that the processes can be traced to their remotest ramifica¬ 
tions. By this method it is found that the axis cyli nder proc ess 
is g ot unbranched (as represented in fig. 192), but invariably 


* These granules are of some significance ; in fatigue of the cell, as after 
an epileptic fit, 1 hey disappear, being apparently used up during the dis¬ 
charge of energy (Nissl). 
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gives off fine side branches which are called collaterals, which 
ramify in the adjacent nerve substance. The axis cylinder 
acquires the sheaths, and is converted into a nerve-fibre. This 
nerve-fibre sometimes, as in the nerve-centres, after a more or less 
extended course breaks up into a terminal arborescence envelop¬ 
ing other nerve-cells. Even the long type of axis cylinder which 
passes into the nerves ultimately ends in a similar manner; we 
have already seen an instance of this in the end-plates of volun¬ 
tary muscle. 

The grcv matter of the cerebellum contains, a largnmumber off 
very small nerve-cells, and one layer or large cells which are 
shown in fig. 189, d. They are flask-shaped, and are called the 
cells of Purkinje. The neck of the flask breaks up into branches, 



1'ig. 192.—Multipolar nerve-cell from anterior bone of spinal cord ; a, axis cyliuder 
process. (Max Schultze.) 


and the axis cylinder process (a x) comes off from the base of the 
flask. 


In the gr ey matter of the cerebrum the nerve-cells are various 
in shape and'sTzc, "hilt "the most characteristic cells are large, and 
pyramidal in shape. They are especially large and numerous in 
what are called the motor areas of the brain. The apex of the 
cell is directed to the surface ; from the angles branching pro¬ 
cesses originate; the axis cylinder process comes off" from the 
base of the pyramid. The next figure shows a section of cere¬ 
bral cortex prepared by Golgi’s method. 

The study of the nervous system by the valuable method in¬ 
troduced by Golgi has led to some new conceptions as to its 


structure. The whole nervous syste m consists of nerve-cells a nd 
\ their, branches, supported by neuroglia in the central nervous 
1 system, and by connective tissue in the nerves Some of the 


nervous 

rams 
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branches of a nerve-cell break up almost immediately into smaller 
branches ending in arborescences of fine twigs; these branches 
have been fall ad jfr-7r-n| pr dendrites ; one branch becomes the 
long axis cylinder of a nerve-fibre, but it also ultimately ter¬ 
minates in an arborisation. It may b e called the axi ^ 
process, or the axon, o sJ^hfi MUzem. The term neuro n , however, 
is applied by some writers to the complete 'nerve-unit, that is, the 



Kg. 193.—Cerebial cortex of mammal, prepared by Golgi’s method, a, b, c, n, nerve- 
cells ; K, neuroglia-cells.. (R. J. Cajal.) 


"body of the cell, and all its branches. Some observers have sup¬ 
posed that the axis cylinder process is the only one that conducts 
nerve impulses, the dendrons being rootlets which suck up nutri¬ 
ment for the uerve-cell. This exclusive view has not, however, 
been generally accepted ; the dendrons may be nutritive, but it is 
believed that they also, like the rest of the nerve-unit, are con¬ 
cerned in the conduction of nerve impulses. 


ILUU'JAIUHR 


The next idea which it is necessary to grasp is, that each 
cell plus branches of both kinds) is anatomically inde- 


everv other nerve-unit . There is no anastomosis of 
anchcs rrom one nerve-cell with those of another; the 
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arborisations interlace and intermingle, and nerve impulses are 
transmitted from one nerve-unit to another, but not by continuous 
structures. The impulses are transmitted through contiguous, 
but not through continuous structures. 

This idea is a little difficult to grasp at first. The old notion of a 
r eflex.action was the following : a sensory nerve-fibi'e is stimulated 
at S (fig. 194), the impulse is carried up to a sensory nerve-cell 
(S C), transmitted to a motor nerve-cell (M C) by branching pro- 
cesse s connect ing the two (I), and then reflected down the motor 
nerve-filare' to tr? muscle (M) which executes the action. 



The figure on the next page is a diagram of our new notion of a 
reflex action. Excitation occurs at S, as before, and the impulse is 
transmitted by the sensory nerve-fibre to the nerve-centre, where 
it ends not in a nerve-cell, but by arborising around a nerve-cell 
and its dendrons. The only nerve-cell in actual contin uity with 
the se qaprynerve-fibr e is-the one in the Bpinal g'ahglio n ^G^f ^m 
which ft grew. ' 

The terminal arborisation of the sensory nerve-fibre merely in¬ 
terlaces with the dendrons of the motor nerve-cell; yet simply 
by this contiguity, or touching, the motor nerve-cell (M C) is 
affected and sends an impulse by its axis cylinder process to the 
muscle (M). 

A very rough illustration which may help one in realising this 
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may be taken as follows: Suppose two trees standing side by 
side ; th eir stems will represeot-tbe axis cylinders; their breaches 
the dendrnn ft If the trens are as of one 

will intermingle with those of the other: there is no actual 
branch from the one which becomes continuous with any branch 
of the other; but yet if the stem of one is vigorously shaken, 
the close interinixture of the branches will affect the other so 
that it also moves. 

Another very important general idea which we must next get 
hold of, is that a nervous impulse does not necessarily travel 
along the same nerve-fibre all the way, but there is what we 
may term a system of relays. The nervous system is very often 
compared to 'a telegrapEic system throughout a country. The 



telegraph offices represent the nerve-centres, the afferent ne^v e- 
fibres correspond to the wires that carry the messages to the 
central offices, and the efferentnerwe-fibrei g are represented h v 
the wires that convey'messages from tne central offices to more 
or less distant parts of the country. This illustration will serve 
us very well for our present purpose, provided that it is always 
remembered that a nervous impulse is not electricity. Suppose, 
now, one wishes to send a message from the metropolis, which 
will represent the brain, to a distant house, say in the Highlands 
of Scotland. There is no wire straight from London to that 
house, but the message ultimately reaches the house; one wire 
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takes the message to Edinburgh; another wire carries it on to 
the telegraph station in the town nearest 
to the house in question; and the last 
part of the journey is accomplished by 
a messenger on foot or horseback. There 
are at least two relays on the journey. 

It is just the same with the nervous 
system. Suppose one wishes to move the 
arm; the impulse starts in the nerve-cel ls 
of the brain, but there are no nUi^es that 
go straight from the brain to the muscles 
of the arm. Thejimpulse tra vels do wn 
the spin al cord, by what ^read ied pyra¬ 
midal fi bres, to the nerve-cells of the 
spmaT'corcr, and from these fresh nerve- 
fibres pass to the arm-muscle s , and con- 
ti nue the imp ulse. If ere* "again ihe con- 
nectioiTGetween the nfirvn.uuit,s is by f.nn- 
tiguity,., PO L to t!Pt,ttoit,y. This is shown 
in the accompanying diagram. The cell 
of the cerebral grey matter is represented 
by C C, the pyramidal nerve-fibre ar¬ 
borises around the cell of the spinal cord 
(S C) from which the motor nerve-fibre 
arises, and which carries on the impulse. 

The spinal cord cells are thus surrounded 
by arborisations derived not only* from the 
sensory nerves (S), but by fibres from the 
upper part of the nervous system. We 
now see how it is possible that reflex ac¬ 
tions in the cord may be controlled by 
impulses from the brain. 

The sheaths of the nerve-fibres arc not 
shown in the diagram. 

The system of relays is still more com¬ 
plicated in the case of sensory impulses, 
as we shall see later on ; the same is 



Fig. 196.—Diagram 
of the 


of an 
element of the motor 
path. tT.S., upper seg¬ 
ment; L.S., lower seg¬ 
ment ; C.C., oell of oere- 
bral cortex; S.C., oell of 
spinal cord, in anterior. 
;M,tne 


true for the motor path to involuntary 
muscle, accessory cell-stations being situa¬ 
ted in the sympathetic ganglia. 

In concluding this chapter we may 
return for a moment to the subject of de¬ 
generation. If the nerve-fibre is. cut* off 
from its connection with the spinal nerve-cell, the peripheral .end 
degenerates aB far as the .muscle. 

K.F. O 


oorau; M, the muscle; 8,' 
path from sensory nerve 
roots. (After Gowers.) 
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Suppose, now, the pyramidal fibre were cut across, the piece 
still attached to the brain-cell would remain healthy, but the peri¬ 
pheral end would degenerate as far as its arborisation round 
the spinal cell (S C), fcut not beyond. We can thus use the 
degeneration method to trace out tracts of nerve-fibres in the 
white matter of the central nervous system. The histological 
changes in the fibres is here the same as that already described 
in the nerves, except that, as there is no primitive sheath, there 
can be no multiplication of its nuclei; there is instead an over¬ 
growth of neuroglia. Degenerated tracts consequently stain 
differently from healthy white matter, and can be by this means 
easily traced. 

Another method of research which leads to the same results as 
the degeneration method is called the embryological method. 
The nerve-fibres which grow from different groups of nerve-cells 
do so at different dates, and so by examining brains and cords 
of embryos of different ages, one is able to make out individual 
tracts before they have blended in the general mass of white 
matter. 


CHAPTER XV1I1. 

STRUCTURE OF THE SPINAL CORD. 

The spinal cord is a cylindriform coluiim of nerve-substance 
connected above with the brain through the medium of the bulb, 
and terminating below, about the lower bo rder of th e first lu iph ar 
vertebra, in' a slender filament of grey substance, th 
t ermin ate, which lies in the midst of the roots of many nerves 
forming the cauda equina . 

It is composed of white and grey nervous substance, of which 
the former is situated externally, and constitut es its chief portion, 
whild the latter occupies' its *alTcfaT''jTor’V.iV iri - * and is so 

arranged, that on the surface of a transverse section of the cord it 
appears like two crescentic masses (the horns of each of which are 
called respectively the anterior and posterior cornua) connected 
together by a na rrower p ort ion or isthmus (fig. 197). Passing 
through the cSqfre of this isthmus in a longitudinal direction is 
a minute canal ( central canal which is continued through the 
whole length of the cbrt), ana opens above into the space at the 
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back of the medulla oblongata and pons Varolii, called the fourth 
ventricle. It is lined by a layer of columnar ciliated epithelium, 
and contains a fluid^ ^ed^c g^g^^g^inaljiuid. 

The spinal cord consists ot two symmetrical halves, separated 
anteriorly and posteriorly bv vertical fimmrea {the p osterior 



Pig. 107.—Different views of a portion of the spinal cord from the cervical region, with the 
roots of the nerves (slightly enlarged); In a, the anterior surface of the specimen is 
shown ; the anterior nerve-root of its right side being divided ; in B, a view of the 
right side is given; in <:, the upper surface is shown; in r>, the nerve-roote and 
ganglion are shown from below. i, the anterior median fissure; 2, posterior median 
assure; 3, anterior lateral depression, over which the anterior nerve-roots are seen to 
spread; 4, posterior lateral groove, into which the posterior roots are seen to sink; 
5, anterior roots passing the ganglion; 5', in a, the anterior root divided ; 6, the 
posterior roots, the fibres of which pass into the ganglion 6'; 7, the united or com¬ 
pound nerve; 7', the posterior primary branch, seen in a and i> to be derived in part 
from the anterior and in part from the posterior root. (Allen Thomson.) 

fissure being deeper, but less wide and distinct than the 
anterior), and united in the middle by nervous matter which is 
usually described as forming two commissiu^s— 
missure in fro nt of the central canal, consisting of medul lated 
nerve-fibres, and a posteri or com missure behind the central canal 
consisting’also of meduliaceanerve-nhres. but with more nenroglinL 
which gives the grey aspect to this commissure (fig. 197, u). 
Kach half of the spinal cord is marked on the sides (obscurely at 
the lower part, but distinctly above) by two longitudinal furrows, 
which divide jf jr*^ pnrtiiP n f l i Q1 T ^ racts, anterior , 

lateral, and posterior. From the groove between, the anterior and 

o~2 
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lateral columns sp ring the ante rior roots of the spinal nerves 
(b and c, 5); and just in front of the groove between the lateral and 
posterior column ari se the poster ior roots of the same (b, 6 ): a 
pair of roots on eacITside corresponds to each vertebra (fig. 197). 

White matter. —The white matter of the cord is made up of 
medullated nerve-fibres, of different sizes, and arranged longitudi¬ 
nally, and of a supporting material of two kinds, viz.:—(a) prdi- 
nary fibrous connective-tissue w r ith elastic fibres, which is con¬ 
nected with septa from the pia mater wdiich pass into the cord to 
carry the blood-vessels. (6) Neuroglia. The processes of the 
neuroglia-cells are arranged so as to support the nerve-fibres 
which are without the usual external nerve sheaths. 

The general rule respecting the size of different parts 
of the cord is, that each part is in direct proportion to the 

size and number 
of nerve - roots 
given off from it, 
and hasbut little 
relation to the 
size or number of 
those given off be¬ 
low it. Thus the 
cord is very large 
in 

1 °«. A 

cervical portion, 
whence arise the 
large nerve-roots 
for the formation 
of the brachial 


_fchcmid dleand 
wer hart ot’Its 



Fig. 198.—Section of gTey matter of anterior comu of a calfV 
apinal cor'd; d, nerve-fibres of white matter in transverse 
section, showing axis-cylinder in Centre of each; a, large 
stellate nerve-cells with their nuclei and prolongations. 
(Cadiat.) 


plexuses and the 
supply of the up¬ 
per extremities, 


and again en¬ 
larges at the lowest part of its dorsal portion and the upper 
part of its lumbar, at the origins of the large nerves which 
after forming the lumbar and sacral plexuses, are distributed to 
the lower extremities. The chi ef cause of the .greater size a t 
these partml fpv fjpjpn] ? ord Is increa se in the quantity of grey 
matter; the white part of the cord (especially the lateral columns) 
becomes gradually and progressively smaller from above down¬ 
wards, a certain number of fibres coming down from the brain 
passing into the spinal grey matter at different levels. 

Grey matter. —The grey matter of the cord’tsonsists of nerve- 
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.'fibres, most of which are very fine and delicate, of nerve-cells 
with branching processes, and of an extremely delicate network 
of the primitive fibrillse...of axis-cyliuders. This fine plexus is 
called Gerl.n.rh.’a and ,is mingled with the meshes of 

neuroglia. The neuroglia of the grey matter resembles that 
of the white, but instead of everywhere forming a close net¬ 
work to support the nerve-fibres, here and there it is in the form 
of a more open sponge-work to support the nerve-cells. It is 
especially developed around the central canal, which is lined with' 
columnar ciliated epithelium, the cells of which at their outer end ■■ 
terminate in fine processes, which join the neuroglia network 
surrounding the canal, and form the substantia jfelatinosa centrali s. 
It is also developed at the tip of the posterior cornu of grey 
matter, forming what is known as the ' s uljstan^ia aetatinosa , 
l ateralis of Rolando, which is much enlarged in the upper cervical 
region. 

Groups of cells in <jrey matter. —The multipolar cells are either 
scattered singly or arranged in groups, of which the following are 
to be distinguished on either side—certain of the groups being 
more or less marked in all of the regions of the cord, viz., 
those (a) in the anterior cornu, and (6) those in the posterior 
cornu. 

(a) T he cells i n the anterior corn u are la rge a nd branch ipg, 
and eaoh~givesrise to_an~axiarCjKUadegJmgQge gs w hicH passes out 
in the anterior nerve-root. These cells are everywhere con¬ 


spicuous, but are particularly numer ous in the cervical and lumb ar 
enlargemen ts. In these districts they may "be divided into 
several groups—(i.) a group of large cells close to the tip of the 
inner part of the anterior cornu—all the cells of the anterior 
cornu in the dorsal or thoracic region are said to belong to this 
group ; (ii.) several lateral groups (2, a, b, and c, fig. 199) on the 
outer side of the grey matter, and (iii.) a certain number of cells 
at the base of the inner part of the anterior cornu particularly 
well marked in the thoracic region. ( b ) Cells of the, posterior 




cornu— th ese nra tint, nnmnmim • the^are_ 

an d each has an axis-cylinder 'process passing, qi 
processes do not pass tnto the pesterior nerve-roots. 


The groups 


are two at least in number, viz., (i.) in connection with the edge of 
the grey matter externally, where it is considerably broken up 
by the passage of bundles of fibres through it, and called the 
la teral reticular formatio n ; and (ii.) in connection with a similar 
reticular^ formation, more at the tip of the grey matter of the 


posterior cornu; this is known as the posterior reticvlar 
formation. 
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The other groups of cells (not represented in fig. 199) are 
confined to the thoracic region of the cord, and are two in num¬ 
ber, viz. : one situated at t he base of the ^posterior corn u, formed 
of large fusiform cells, constitutes the irsicular column 

of Lockhart Clarke (fig. 203, c c), and tKe other situated on tfre 
outer portion of the grey m atter, ab out midway between the 



Fig. 199.—Section of spinal cord, one half of which (left) shows the tracts of the white 
matter, and the other half (right) shows the position of the nerve-cells in the griy 
matter. 7, 10, 9, and 3 are tracts of descending degeneration; 1, 4, o, and 8, of 
ascending degeneration. Hemidiogrammatic. (After Sherrington.) 


anterior and posterior cornua, constitutes the cells of the inte r- 
^ntrilin-lnieral tract (fig. 203, I t). These cells are small and 
spindle-shaped, and are found in the upper lumbar as well as in 
the thoracic region. 

Columns and tracts in the white matter of the spinal cord .—In 
addition to the columns of the white matter which are marked out 
by the points from which the nerve-roots issue, and which are the 
anterior, the lateral and posterior, the posterior is further divided 
by a septum of the pia mater into two almost equal parts, consti¬ 
tuting the postero-exte 7 'nal column, or column oJL^liurdasdu (fig- 
199, 2), antTth ejpostero-medmn, or column ^lJtoll ( fig. 199 . I )- 
In addition to these coTfiTtrrrB^’Ro'wever, it has been shown that 
the white matter can be still further subdivided. This sub¬ 
division has been accomplished by evidence of several kinds, that 
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the parts, or as they are called, tracts in the white matter, per¬ 
form dift’oront functions in the conduction of impulses. 

The methods of observation are the following :— 

(a) The emhryological method. It has been found that if 
the development of the spinal cord be carefully observed at 
different stages that certain groups of the nerve-fibres put on 
their myelin sheath at earlier periods than others, and that the 
different groups of fibres can therefore be traced in various direc¬ 
tions. This is also known as the method of Flechsig. 

((>) Wallerian or degeneration method .—This method depends 
upon the fact that if a nerve-fibre is separated from its nerve¬ 
cell, it wastes or degenerates. It consists in tracing the course 
of tracts of degenerated fibres, which result from an injury to 
any part of the central nervous system. When fibres degenerate 
below a lesion the tract is said to be of descending degeneratio n . 
and when the fibres degenerate in the opposite direction, the 
tract is one of ascending de genera tion. By modem methods of 
staining of the central nervous system it has proved comparatively 
easy to distinguish degenerated parts in sections of the cord and 
of other portions of the central nervous system. Degenerated 
fibres have a different staining reaction when the sections 
arc stained by what are called Weigert’s and Pal’s methods, 
which consist of subjecting them to a special solution of 
haimatoxylin, and then to special differentiating solutions. The 
degenerated fibres appear light yellow, whereas the healthy fibres 
are a deep blue. Marchi’s method is even better. By Marchi’s 
solution (a mixture of Muller’s fluid and osmic acid) degenerated 
fibres are stained black, the rest of the tissue being unstained. 
Accidents to the central nervous system in man have given us 
much information upon this subject, but this has of late years 
been supplemented and largely extended by experiments on 
animals, particularly upon monkeys ; and considerable light has 
been by these means shed upon the conduction of impulses to 
and from the nervous system by the study of the results of 
section of different parts of the central nervous system, and of 
the spinal nerve-roots. 

By these methods the tracts in the white matter have now 
been mapped out, and the principal ones are shown in the left 
half of fig. 199. But as they are there all put together, it will 
be a better way of studying the subject to enumerate the 
ascending and descending tracts with separate diagrams. 

It will be convenient to begin by considering the result of 
cutting through the roots of the spinal nerves. 

Cuttin g., the anterior roots produces no degeneration in the 
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cord ; the fibres of the anterior roots come off from the large 
cells of the anterior horn, and degeneration is found only on the 
distal side of the point of section, that is in the motor nerved 
fibres of the nerves. 

Cutting the posterior roots between the spinal ganglia and 
the cord leaves the peripheral part of the nerve healthy, and 
degeneration occurs in the portion of the root which runs into the 
cord, the fibres being cut off from the cells of the spinal ganglion 
from which they grow. These degenerated nerve-fibres may be 
traced up the cord for a considerable distance. Each posterior 
root-fibre when it enters the cord bifurcates, the main branch 
passing upwards, and the shorter branch downwards, so that the 
degeneration is seen in a small tract called t he comma trac t (fig. 
199, 3) immediately below the point of entrance of the cut 
.posterior root. The upgoing fibre is contained in the posterior 
column of white matter, and it terminates in one or other collec¬ 
tions of grey matter either in the cord itself, or in the medulla 
oblongata. 

Fig. 200 represents in a schematic way the manner in which 
the fibres of the two roots of a spinal nerve are connected to the 
grey matter in the cord. 

1, 2, 3, 4 represent four cells of the anterior horn. Each gives 
rise to an axis-cylinder process A, one of which is shown 
terminating in its final ramification in the end plate of a muscular 
fibre M. Each of these four cells is further surrounded by an 
arborisation derived from the fibres of the pyramidal tract P, 
which comes down from the brain. 

A fibre of the'posterior root is also shown; this originates from 
the cell G of the spinal ganglion; the process of this cell bifurcates, 
one branch (B) passing to the periphery where ,it ends in an 
arborescence in the skin (S); the arrow by the side of this branch 
represents the direction of conduction of the sensory impulses 
from the skin. An arrow in the opposite direction would indicate 
the direction of its growth. The other branch C passes into the 
spinal cord, where it again bifurcates ; the branch E, a short one, 
passes downwards and ends in an arborisation around one of the 
cells P of the posterior cornu; from which a new axis-cylinder 
arises, and terminates around one of the multipolar cells (4) of 
the anterior horn. 

The main division D travels up in the posterior column of the 
cord, and ends in grey matter at various levels. Some collaterals 
(5) terminate by arborising directly around the anterior cornual 
cells; others (6) do so with an intermediate cell Btation in a pos¬ 
terior cornual cell; others (7) arborise around the cells of Clarke’s 
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column (C) in the thoracic region of the cord, and from these cells 
fresh axis-cylinders carry up the impulse to the cerebellum in 
wl,iat are called the cerebellar tracts, while the main fibre (8) may 
terminate in any of these ways at a higher level in the cord, or 
above the cord in the medulla oblongata. When we become 



Fig. aoo.—Course of nerve-fibres in spinal cord (after Schafer). 


acquainted with the structure of the medulla oblongata, we shall 
be able to trace these fibres further. 

In general terms the anterior root-fibres pass out of the grey 
matter of the anterior hoffi?^^lMl~after a short course leave the 
spinal cord in the anterior spinal nerve-roots. The pos terior roots 
oti the other hand do not pass to any great extent into the grey 
matter immediately, but into the white matter on the inner side of 
the posterior horn; in other words they go into the column of 
Burdach (fig. 199, 2); they pass up in this column but gradually 
approach the middle line, and are continued upwards to the 
medulla in the column of Goll; but as they go up they become 
less numerous, as some terminate in the grey matter of the cord on 
the way in the manner described. A few-fibres of the posterior root, 
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however, travel for a short distance in a small tract on the outer 
side of the posterior horn ; this is called the tract of Liss auer 
(4 in fig. 199) ; the comma tract (3) has been already explained. 

Suppose now one cuts through several posterior roots between 
the spinal ganglia and the cord, so that the course of degenera¬ 
tion may be more readily traced. Immediately below the points 
of entrance of these nerve-roots, the comma tract will be found 
flegenerated; immediately above, the degenerated fibres will bej 
found in the column of Burdacli; higher up in the cord they will 
be less numerous, and have approached the middle line; the fibres 
which enter the cord lowest get ultimately nearest the middle 
line, so that the greater part of the column of Gdll is made up of 
sensory fibres from the legs; the fibres which enter the cord last, 
for instance those from the upper limbs and neck, pursue their 
course in the inner part of the column of Burdacli. 

The next figure shows the degeneration in a section of the 

Ooll 



Fig. 23 i.—Degeroration in column cf Ooll aft.T testion < f posterior nerve-roots. 


spinal cord, after the division of a number of nerve-roots on one 
side. The section is taken high up, so that all the degenerated 
fibre have passed into the column of Goll on the same side ; the 
inner set (1) are shaded differently from the outer set (2), indicat¬ 
ing that those nearest the middle line come from the lowest 
nerve-roots.- 

We may pass from this to consider the tracts of degeneration 
that occur when the spinal cord is cut right across in the thoracic 
region. Some tracts will be found degenerated in the piece of 
cord below the lesion; these consist of nerve-fibres that arc 
connected with the nerve-cells in the brain; they are called the 



CH. xviix.] DESCENDING DEGENERATION. 203 

pyramidal tracts . Other tracts are found degenerated iii the 
piece of corcT above the lesion ; these consist of nerve-fibres that 
are connected with the nerve-cells of the spinal ganglia, or with 
the cells of the spinal cord itself below the lesion and are passing 
upwards. 

The tracts which degenerate downwards are the njotortracts ; 
the tracts that degenerate upwards are the sensory tracfsT 

If the animal is killed a few weeks after the operation, its cord 
removed, and microscopic sections of it made and stained in an 
appropriate manner, the ascending tracts will be found degene¬ 
rated in the piece of cord above the lesion ; the descending tracts 
degenerated in the piece of cord below the lesion. The two next 
figures represent these. 

Tracts of descending degeneration (fig. 202). 



Direct Pyramidal 


Fig. 202.—Descending tracts of degeneration. 


(i.) The^ro&s&L^rainirtal tract .—This tract is situated in the 
lateral column on the outer side of the posterior cornu of grey 
matter. At the lower part of the spinal cord it extends to the 
margin, but higher up it becomes displaced from this position by 
the interpolation of another tract of fibres, to be presently 
described, viz., the direct^cerebellar tract. The crossed pyramidal 
tract is' large, and may toiiclf'the tip of grey matter of the 
posterior cornu, but is separated from it elsewhere. In shape on 
cross section it is somewhat like a lens, but varies in different 
regions of the cord, and diminishes in size from the cervical region 
downwards, its fibres passing off’ as they descend, to arborise 
around the nerve-cells and their branchings in the grey mattor of 
the cord. The fibres of which this tract is composed are 
moderately large, but are mixed with some that are smaller. 
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(ii.) The direct or uncrossed pyramidal tract .—This tract is 
-Situat ed in thaantaianr column. bythe side of theauteidar fissure. 
It is smaller than (i.), and is not present in all animals, though 
conspicuous in the human cord. It can be traced upwards to the 
brain, and downwards as far as the mid or lower thoracic region, 
where it ends. 

The two pyramidal tracts come down from the brain; in the 
medulla oblongata, the greater number of the pyramidal fibres 
cross over to the other side of the cord which they descend; hence 
the term crossed pyramidal tract; a smaller collection of the 
pyramidal fibres goes straight on, ou the same side of the cord, and 
crosses at different levels in the anterior commissure of the cord 
lower down; hence the disappearance of the direct pyramidal 
tract in the lower part of the cord. The fact that the crossed 
pyramidal tract of one side is the fellow of the direct pyramidal 
tract of the other side, is indicated in the diagram by the direc¬ 
tion of shading. 

(iii.) Antero-lateral descending tract. — An extensive tract, 
elongated but narrow, and reaching from the crossed to the direct 
pyramidal tract. It is a mixed tract, since not all of its fibres 
degenerate below the lesion. 

(iv.) Comma tract is a small tract of fibres which degenerate 
below section or injury of the cord. It is only found for 
a few millimetres below the actual lesion; though it degene¬ 
rates downwards it is in reality a sensory tract, being com¬ 
posed, as we have already seen, of the branches of the enter¬ 
ing posterior root-fibres which pass downwards on entering the 
cord. 

Tracts of ascending degeneration (fig. 203). 

(i.) Postero-median column. —This tract degenerates upwards on 
injury or ou section of the cord, as well as on section of the 
posterior nerve-roots. It exists throughout the whole of the cord 
from below’ up, and can be traced into the bulb. It consists of 
fine fibres. The figure represents a section prepared from a piece 
of cord some distance above the injury, so that the degenerated 
fibres which begin in the column of Burdaeh have passed into the 
column of Goll. 

(ii.) Dorsal or direct cerebellar tract. —This tract is situated on 
the outer part of the cord between the crossed pyramidal tract 
and the margin. It is found in the cervical, thoracic, and upper 
lumbar regions of the cord, and increases in size from below 
upwards. It degenerates on injury or section of. thenord itself, 
but not on section "of the~ 'pbsterior nerv e-ropts. As its name 
implies, it passes up into the cerebellum. Its fibres are large, 
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and originate from the cells of Clarke’s column of the same side 
of the cord. 

(iii.) Ventral cerebellar tract , called also the antero-lateral 
ascending tract, or trad of Gowers .—This tract is situated at the 
marginof the cordoutsideof the corresponding descending tract. Its 
fibres are of various sizes, and originate from cells situated in the 
base of the anterior horn of the opposite side of the spinal cord, in 
the lower thoracic and lumbar region; the fibres.p&gs thr ough the 
grey-commissure and anterior horn of the opposite side, and travel 
up the tract of Gowers to terminate above" principally in the 
cerebellum, blit partly hi the corpora (piadrigemina. It is thus 
chiefly a crossed cerebellar tract. 


Ooll 



Fig. 203 .—Ascending tracts of degeneration. The diagram also indicates the position of 
Clarke’s column (0.0.) and the intermedio-lateral tract (I.T.) in the lateral horn. 


(iv.) Tract of Liss auer, or posterior ma rginal zone. —A small 
tract of aseendi ng fibres situated at the outer side of the tip of 
the posterior cornu, ft is made up of fibres of the posterior 
nerve-roots. v 

Hemisection. —If the operation performed is not a complete 
cutting of the spinal cord across transversely, but a cutting of 
half the cord across, it is termed hemisection. 

Complete transverse section of the spinal cord leads to:— 

1. Loss of motion of the parts supplied by the nerves below 
the section on both sides of the body. 

2. Loss of sensation in the same regions. 

3. Degeneration, ascending and descending, on both sides of 
the cord. 
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Hem (section leads to :— 

1. Loss of motion of the parts supplied by the nerves below 
the section on the same side of the body as the injury. 

2. Loss of sensation in the same region. 

3. Degeneration, ascending and descending, nearly entirely 
confined to the same side of the cord as the injury. These are 
shown in the next figure. 


A B 



Fig. 204.—The above diagrams are reproductions of xihoto-inicrographs from the spinal 
cord of a monkey in which the (iteration of right hemisection had been performed 
nome weeks previously (Mott). The sections were stained by Weigert’s method, by 
which the grey matter is bleached, while the healthy white matter remains dark blue. 
The degenerated tracts are also bleached. A is a section of the cord in the thoracic 
region below the lesion; the crossed pyramidal tract is degenerated. B is a section 
lower down in the lumbar enlargement; the degenerated pyramidal tract is now 
smaller. C is a section in the thoracic region some little distance above the lesion. 
The degenerated tracts seen are in the outer part of Goll’s column and in the direct 
cerebellar tract. D is a section higher up in the cervical region; the degeneration in 
Goll’seolumn now occupies a median position; the degenerations in the direct cerebellar 
tract, and in the tract of Gowers are also well shown. Notice that in all cases, the 
degenerated tracts are on the same side as the injury. 

Differences in different regions of the spinal cord .—The outline of the 
grey matter and the relative proportion of the white matter varies 
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in different regions of the spinal coni, and it is, therefore, possible to tell 
approximately from what region any given transverse section of the 
spinal cord has been taken. The white matter increases in amount, fropi 
bel<jw„.upwards. The amount of gre y matt er varies; it is greatest, in the 
cervical and lumbar enlargements, viz., atandabout the gth lu mbar and 6th 
cervical nerve, and least in the thoracic region. The greatest Tlevelopment 
of greyiffatter corresponds with greatest number of nerve-fibres passing from 
the cord. 

In the cervical enlargement the grey matter occupies a large proportion 
of the section, the grey commissure is short and thick, the anleriorjiorn is 
bjjint, whilst the posterior is somewhat tapering. The anterior anof posterior 
roots run some distance through the white matter before they reach the 
periphery. At the extreme upper part of the cervical region, the end of the 
posterior horn is swollen out by excess of neuroglia into a rounded mass 
called the substantia gelatinosg of Rolando. The eervical cord is wider 
from side to side than from before back ; this is owing io the great width of 
the lateral columns. 

In the dorsal region, the grey matter bears only a small relation to the 
white, and the posterior roots in particular run a long course through the 
white matter before they leave the cord ; the grey commissure is thinner 
and narrower than in the eervical region. The intermedio-lateral tract 
is hero most marked, and forms a prominence often called the lateral horn. 
This is shown in fig. 203 (I T). Clarke's column is also confined to this 
region of the cord ; the position of the cells which make up this column is 
shown in the same figure (c c). The cord in this region is circular in 
transverse section (see also fig. 204 O.). 

In the lumbar enlargement the grey matter again bears a very large pro¬ 
portion to the whole size of the transverse section, but its posterior cornua 
arc shorter and blunter than they are in the cervical region. The grey 
commissure is short and extremely narrow. The cord is circular on trans¬ 
verse section. 

At the vpper part of the conns medullarix, which is the portion of the cord 
immediately below the lumbar enlargement, the grey substance occupies 
nearly the whole of the transverse section, as it is only invested by a thin 
layer of white substance. This thin layer is wanting in the neighbourhood 
of the posterior nerve-roots. The grdy commissure is extremely thick. 

At the level of the .fifth sacral vertebra the grey matter is again in excess, 
and the central canal is enlarged, appearing T-shaped in section ; whilst in 
the upper portion of the Jilum terminate the grey matter is uniform in shape 
without any central canal. 
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CHAPTER XIX. 


THE BRAIN. 

A student's first glance at a brain, or at such a drawing of it 
as is given in fig. 205, will be sufficient to convince him of its 
complicated structure. It certainly is extremely complex, but by 
studying it systematically we shall find that a knowledge of the 



Fig. 205.—Base of the brain. 1, superior longitudinal fissure; 2, 2', 2", anterior cerebral 
lobe; 3, fissure of Sylvius, between anterior and 4, 4', 4", middle cerebral lobe; 5, s', 
posterior lobe; 6, medulla oblongata; the figure is in the right anterior pyramid; 
7, 8 ,9,10, the cerebellum; +, the inferior vermiform process. The figures from I. to 
IX. are placed against the corresponding cerebral nerves: III. is placed on the right 
crus cerebri. VI. and VII. on the pons Varolii; X. the first .cervical or subocdpital 
nerve. (Allen Thomson.) J. 


essential facts in its anatomy will be attainable with comparative 
ease. An acquaintance with the structure of the brain is, more¬ 
over, essential for understanding its functions. So we shall 
devote this and a few succeeding chapters to anatomical conside¬ 
rations, before passing on to the study of its physiology. 
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An outline diagram of its parts, sueh as is presented in the 
next figure, will indicate the various parts of the brain which we 
shall have to take into consideration. 

At the lowest part of the brain, continuing the spinal cord 
upwards, is the medulla oblongata or bulb (D). Next comes the 
pons Varol.il (C), very appropriately called the bridge, because in 
it are the connections between the bulb and the upper regions of 
the brain, and between the cerebellum or small brain (B) and the 
rest of the nervous system. 

The mid-brain comes next (a, b), and this leads into the 



Fig. 206.—Plan in outline of the brain, a» «een from the right side. |. The parts 
are represented as separated from one another somewhat more than natural, so as to 
show their connections. A, cerebrum j/, A, its anterior, middle, and posterior lobes ; 
f , fissure of Sylvius; B, cerebellum; O, pons Varolii; 3 D, medulla oblongata; «, 
peduncles of the cerebrum ; b, c, it, superior, middle, and inferior peduncles of the 
cerebellum. (From Quain.) 

peduncles or crura of the cerebrum (A), the largest section of‘the 
brain. 

Through the brain runs a cavity filled with cerebro-spinal fluid, 
and lined by ciliated epithelium ; this is continuous with the 
central canal of the spinal cord. In the brain, however, it does 
not remain a simple canal, but is enlarged at intervals into what 
are called the ventricles. There is one ventricle in each half or 
hemisphere of the cerebrum, these are called the lateral ventricles, 
they open into the third ventricle, which is in the middle line j 
and then a narrow canal ( aqueduct of Sylvius) leads from this to 
the fourth ventricle, which is placed on the back of the bulb and 
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pons, which form its floor ; its roof is formed partly by the over¬ 
hanging cerebellum (fig. 206), partly by pia mater. This piece 
of pia mater is pierced by a hole (Foramen of Magendie), and so 

the cerebro-spinal fluid in the interior 



of the cerebro-spinal cavity is con¬ 
tinuous with that which bathes the 
external surface of brain and cord in 
the sub-arachnoid space. The fourth 
ventricle leads into the central canal 
of the spinal cord. The fifth ventricle 
in the central structures of the brain 
does not communicate with the others. 
The cerebrospinal fluid is a thin watery 
fluid, containing a small quantity of 
salts and proteids in solution, and a 
substance which gives Trommer’s test 
for sugar ; it is, however, not sugar, 
but a substance of the aromatic group, 
called pyrocatechin. 

Before passing on to describe these 
portions of the brain one by one, it 
will be convenient to state first a few 
general facts. 

(i.) In the bulb, at the lower part the 
distribution of grey matter follows 


Fig. 207.—Diagrammatic hori¬ 
zontal section of a vertebrate 
brain. The figures serve both 
for this and thenext diagram. 
Mb, mid-brain : -what lies in 
front of this is the fore-, and 
* what lies behind, the hind¬ 
brain; Lt, lamina termina- 
lis; 01/, olfactory lobes ; 

Jimp, hemispheres ; Th. K, 
thalamencephalon; Pn, pineal 
gland; Py, pituitary body; 
F.M., foramen of Munro; <■«, 
corpus striatum; Th, optic 
thalamus; CC, crura cerebri: 
the mass lying above the 
canal represents the corpora 
• quadrigemina; Ob, cerebel¬ 
lum ; TKJX, the mne pairs 
of craniotnerves; i, olfactory 
ventricle; 2, lateral ventricle; 

' 3, third ventricle; 4, fourth 
ventricle; -f ,’iter a tertio ad 
quartum ventriculum. 

(Huxley.) 


that which prevails in the cord. Higher 
up the chief part is found towards the 
posterior or dorsal aspect, surrounding 
the central canal. When the central 
canal opens out into the fourth ven¬ 
tricle, the grey matter comes to that 
surface chiefly, and is found to consist 
more particularly, on either side, of the 
nuclei of origin of the cranial nerves, 
viz., the 12th, nth, loth, 9th, and 
8th, and more externally of the nucleus 
gracilis and nucleus cuneatus. In ad¬ 
dition to these masses of grey matter 
there are the olivary bodies towards 
the ventral surface with the accessory 


olives and the external arcuate nuclei, 


placed at the tip of the anterior fissure on either side on 
the ventral surface of the anterior pyramids. 

(ii.) In the pons Varolii.—ln addition to the origins of nerves 




CH. XIX.] 


THE BRAIN. 


211 


in the floor of the fourth ventricle on the dorsal aspect of the 
pons, viz., of the 7th, 6th, and 5th nerves, there are several 
masses of grey matter, viz., in the back part, the superior olive 
and in the front part the locus caeruleus, as well as small 
amounts of the same material mixed with fibres in the more 
ventral surface. 

(iii.) In the mid-brain, the grey matter preponderates in the 
corpora guadrigemina, and corpora geniculata. It is also found 
surrounding the aqueduct of Sylvius, and in other parts of the 
crura, notably such masses as the red nucleus and locus niger. 

(iv.) In the cerebral hemispheres, the cerebral cortex is made up 



Fig. 208.—Longitudinal and vertical diagrammatic nection of a vertebrate brain. Letters 
an before. Lamina terminals is represented by the .strong black line joining I'n and 
Py. (Huxley.) 


of grey matter which encloses white matter, and the corpora 
striata and optic thalami are made up chiefly of grey matter. 

(v.) In the cerebellum, the grey matter forms the encasing 
material of the white matter. In the interior too there are 
masses of grey matter forming the corpora dentata. 

Speaking generally, there are two main collections of grey 
matter—that on the surface, and that in the interior bordering 
on the eerebro-spinal cavity, and subdivided into various masses 
(corpora striata, optic thalami, &c.), whose names have been men¬ 
tioned, but whose closer acquaintance we shall make presently. 

The cerebral or cranial nerves, some of which have also been 
mentioned, are those which originate from the brain; there are 
t welve pairs of these altogether, and the majority originate from 
nerve-cells in the grey matter of the floor of the fourth ventricle 
°i‘ its immediate neighbourhood. 

In the foetus the central nervous system is formed by an in¬ 
folding of a portion of the surface epiblast. This becomes a tube 
of nervous matter, which, loses all connection with the surface of 
the body, though later in life this is in a sense re-established by 
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the nerves that grow from the brain and cord to the surface. 
The anterior end of this tube becomes greatly thickened, to form 
the brain, its cavity becoming the cerebral ventricles ; the rest 
of the tube becomes the spinal cord. The primitive brain is at 
first subdivided into three parts, the primary cerebral vesicles; 
the first and third of these again subdivide, so that there are 
ultimately five divisions, which have received the following 
names:— 

r. Pros-encephalon, or fore brain. This is developed into 
the cerebrum with the corpora striata. It encloses the lateral 
ventricles. 

2. Thalam-encephalon, or twixt brain. This is developed 
into the parts including the optic thalami, which enclose the 
third ventricle. 

3. Mes-encephalon, or mid brain , consists of the parts which 
enclose the aqueduct of Sylvius—namely, the corpora quadri- 
gemina, which form its dorsal, and the crura cerebri, which form 
its ventral aspect. 

4. Met-encephalon, or bind brain , which forms the cere¬ 
bellum and pons. 

5. Ep-enoephalon, or after brain , which forms the bulb or 
medulla oblongata. 

Figs. 207 and 208 represent a diagrammatic view of a verte¬ 
brate brain ; the attachment of the pineal gland, pituitary body, 
and olfactory (I)'and optic (II) nerves is also shown. 


CHAPTER XX. 

STRUCTURE OF THE BULB, PONS, AND MID-BRAIN. 

We may study the bulb and pons by examining first the 
anterior or ventral, then the posterior or dorsal aspect, and last 
of all the interior. 

Anterior Aspect. 

The bulb is seen to be roughly shaped, like an inverted trun¬ 
cated cone, larger than the spinal cord, and enlarging as it goes 
up until it terminates in the still larger pom (p). In the 
middle line is a groove, which is a continuation upwards of the 
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anterior median fissure of the spinal cord; the columns of the 
bulb are, speaking roughly, continuations upwards of those of the 
cord, but there is a considerable rearrangement of the fibres in 
each. Thus the prominent colum ns in the mid dle line, called 
the pyramids (a a), are composed of" the pyramidal TibresT'w’fnch 



Kg. 2<vj.—Ventral or anterior surface of 
the pons Varolii, and medulla oblon- 

t ata. a, n, anterior pyramids; b, their 
elimination; c, c, olivary bodies; 
d, < 1 , restiform bodies; «, arciform 
fibres ; /, fibres passing from the an¬ 
terior column of the cord to the cere¬ 
bellum ; g, anterior column of the 
spinal cord; A, lateral column; j>. 
pons Varolii; i, its upper fibres; 
5, 5, roots of the fifth pair of nerves. 



Fig. 210.—Dorsal or posterior surface 
of the pons Varolii, corpora quad- 
rigemina, and medulla oblongata. 
The peduncles of the cerebellum 
are cut short at the side, a, a, the 
upper pair of corpora quadri- 
gemina ; b, b, the lower; supe¬ 
rior peduncles of the cerebellum; 

c. eminence connected with the 
nucleus of the hypoglossal nerve: 
k, that of the glosso-pharyngeal 
nerve; i, that of the vagus nerve ; 

d, it, restiform bodies; p, p, poste¬ 

rior columns; v, v, groove in the 
middle of the fourth ventricle, 
ending below in the calamus serip- 
torins; 7, 7, roots of the auditory 
nerves. 1 


in the spinal cord are situated principally in the lateral columns 
of the opposite side (crossed pyramidal tracts). The decussation 
*or crossing of the pyramids (fj) occurs at their lower part; a 
small collection of the pyramidal fibres is, however, continued down 
the cord in the anterior column of the same side of the cord 
(direct pyramidal tract)these cross at different levels in the 
cord. 

On the outer side of each pyramid is an oval prominence (c c), 
which is not represented in the spinal cord at all. These are 
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called the olivary bodies or olives ; they consist of white matter 
outside, with grey and white matter in their interior. 

The restiform bodies at the sides (d d) are the continuation 
upwards of those fibres fro m cord and bulb which enter the 
cerebel lum, an d the upper part of each restiform body is called 
the inferior pe<J/uricl?of the cerebellum.* 

Posterior Aspect. 

Fig. 210 shows a surface view of the back of the bulb, 
pons, and mid-brain. Again we recognise some of the parts of 
the spinal cord continued upwards, though generally with new 
uameB, and again we see certain new structures. 

The posterior median fissure is continued upwards, and on 
each side of it is the prolongation upwards of the posterior 
columns of the cord. The column of Goll is now called the 
Funiculus gracilis, and the column of Burdach the Funiculus 
cuneatus. 

The two funiculi gracilis lie at first side by side, but soon 
diverge and form the t wo lower boundaries of a diamond-shaped 
space called the flow of the fourth ventricle ; this is made of 
grey matter ; the central canal of the cord gets nearer and nearer 
to the dorsal surface of the bulb, till at last it opens out on the 
back of the bulb, and its surrounding grey matter is spread out 
to form the floo r of the fourth ventricle. The two upper boun¬ 
daries of the diamond-shaped space are made by the superior 
peduncles of the cerebellum, which co ntain fib res coming down 
th rough the. cerebrum. The peddl e peduncles 

of the cerebellum are principally made up of fibres running fro m 
o ne ce re bella r hemisphere to the other through the pons. 

Running down the centre of the floor pf the fourth ventricle 
is a shallow groove ; on each side of this is a rounded longitudinal 
eminence called the funiculus ter es ; running across the middle of 
the floor are a number of fibres (the strice acousticce), which join 
the auditory nerve. 

In the upper part of the diagram the mid-brain, with the 
corpora yuadrigemina (a a, b b), is shown. Here there is once 
more a canal which penetrates the substance of the mid-brain, 
and is called the aqueduct ofl, Sylvius, or the iter a tertio ad 
quantum ventriculum ; it leads, as its second .name indicates, from 
the third to the fourth ventricle. 

* Each half of cerebellum has three peduncles: inferior, middle, and 
superior. 
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Origin of the Cranial Nerves. 

Each cranial nerve is said to have two origins: a deep origin , 
i.e., the region of grey matter where its fibres actually arise from 
nerve-cells; and a superficial oriyin, the region of the brain’s sur- 



Fig. 211.—Dorsal or posterior view of the medulla, fourth ventricle, and mesencephalon 
(natural size). ;<•*., line of the posterior roots of the spinal nerves; v.m.f., posterior 
median fissure; f.g., funiculus gracilis; cl., its continuation, called tne clava ; 
f.c., funiculus cuneatus; f.R., funiculus of Rolando; r.b., restiform body; r..v., cala¬ 
mus scriptorius; l, section of ligula or taenia; part of choroid plexus is seen beneath 
it; l.r., lateral recess of the ventricle; sir., strife acusticse.; «./., inferior fossa; 
s./., posterior fossa; between it and the median splcus is the fascioulus teres ; cbl., cut 
surface of the cerebellar hemisphere; md.., central or grey matter; s.m.v., superior 
medullary velum; Ing., ligula ; n.c.p., superior cerebellar peduncle cut longitudinally; 
cr,, combined section of the three cerebellar peduncles ; c.q.s., c.q.i., corpora quadri- 
gemina {superior and inferior); //•., frsenulum; /., fibres of the fillet seen on the 
surfaoe of the tegmentum; e.. crusti; l.g., lateral groove; e.g.i., corpus geniculum 
intemus; t.h., posterior part of thalamus; pineal body. The Roman numbers 
indicate the corresponding cranial nerves. (E. A. Schafer.) 


face where the nerve, after, coursing through the brain substance, 
actually leaves it for its destination. 

The deep origins of tke cranial nerves will especially interest 
us as students of physiology. , There are twelve pairs of cranial 
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nerves altogether, and of these, ten originate from the floor of the 
fourth ventricle or the neighbouring grey matter. 

This will, moreover, be a convenient place to describe not only 
the origin, but also in brief the functions of the cranial nerves. 
Fig. 211 shows a surface view of this part of the brain 
with the nerves attached, and the following one (fig; 212) shows 

in a diagrammatic way 



Fig. 2x2,—Fourth ventricle, with the medulla ob¬ 
longata and the corpora (juadrigoniina. The 
Koman numbers indicate 1 s'upcriicial origin* of 
the cranial nerves, while the other number* 
indicate their deep origins, or the position of 
their central nuclei. 8, 8’, 8", 8"'. auditory nuclei 
nerves; t, funiculus teres; A, B, corpora qnad- 
rigemina ; e, o, corpus geniculatum ; p, r., pe- 
dunculus cerebri; m, r, p, middle cerebellar 
peduncle; «, c, p, superior cerebellar peduncle; 
», e, inferior cerebellar peduncle ; /, c, locus 
euTuleus; «, l, eminentia teres; a, c, ala cinerea ; 
«, n, aceessoiy nucleus ; o, obex ; c, clava ; /, c, 
funiculus cuneatis; /, g, funiculus giacilis. 


their deep and superficial 
origins. 

It will be noticed that 
many of the cranial nerves 
arc not mixed like the spi¬ 
nal nerves, hut are either 
wholly sensory or wholly 
motor in function, 

1. Olfactory nerve. — 
This is the nerve of smell. 

2. Ojittf" 

is the nerve of sight. 

These ftSTTfRiits of sen¬ 
sory nerves come under 
a different category from 
the rest, and will be de¬ 
scribed later. It is the 
remaining ten pairs that 
originate from the tract 
of grey matter we are 
discussing just now. 

3. Motor o c.uli. —TJiis 
is wholly motor. It sup¬ 
plies the following ex¬ 
trinsic ey e-muscles : su¬ 
perior rectus, inferior rec¬ 
tus, internal rectus, and 


inferior oblique ; and the following intrinsic eye-muscles (t.e., 
within the eyeball itself) : ciliary muscle, and the sphincter 
fibres of the iris. Its deep ori gin is in the grey matter on the side 
of the Sylvian aqueduct underneath the corpora quadrigemina. 

4. Trochlear .—This is wholly motor too. It supplies the 
superior oblique mnsele of the eyeball. It takes origin from the 
grey-' matter immediately below the.-centre—third (not 
shown in figure); its centre is connected,.with-that--of the-tfeird 
a nd sixth ner ves. 

^nAbducens .—It is convenient to take this next. It also is 
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wholly motor, supplyi ng the .external rectus of the eyeball. Its 
centre is fVi ‘> i]pp»v p.i»u ,.f e r 

hear ttie middle line. 

5. Trujeminal .—This is a mi xed .ner ve. «malW mnf.»r 

division supplies the niuw^es^^f^nKistKra ; its larger s ensory 1 
division, the Oasscrian ganglion oh winch corresponds ISTEKespinal 
ganglion on a spinal nerve, is the great sensory .n erv e of the face 
und ..head. Its deep origin is also doul)1i|f^"Tlie*wo?^l"wf»r is 
illTfrrnr to the sensory, and from it reach a number of fibres 
stretching upwards as far as the anterior corpus quadrigeminum 
this is termed its descending y oot.; it is also connected with the 
locus wm/wi*. The sensory centre or nucleus outside the motor 
has connected with it a tract of fibres from the cord as low as the 
second cervical nerve ( ascending roo t) (fig. 212, 5). 

7. Facial ,— Tl.^ i* gvp» t motor nerve of the face muscles . 

When it is paralysed, the muscles of the face being all powerless, 
the countenance acquires on the paralysed side a characteristic, 
vacant look, from the absence of all expression : the angle of the 
mouth is lower, and the paralysed half of the mouth looks longer 
than that on the other side : the eve has an unmeaning stare, 
owing to the paralysis of the orbicularis palpebrarum. All these 
peculiarities increase, the longer the paralysis lasts : and their 
appearance is exaggerated when at any time the muscles of the 
opposite side of the face are made active in any expression, or 
in any of their ordinary functions. In an attempt to blow or 
whistle, one side of the mouth and cheeks acts properly, but the 
other side is motionless, or flaps loosely at the impulse of the 
expired air ; so in trying to suck, one side only of the mouth acts ; 
in feeding, the lips and check are powerless, and on account of 
paralysis of the buccinator muscle food lodges between the cheek 
and gums. 

The deep origin of th is nerve is shown in the diagram below 
that of the fifth, and to the outer side of that of the sixth nerve.' 

The chorda tympaui nerve, one of the branches of the seventh, 
we shall study in connection with secretion and vaso-dilatation. 

8. Auditory .—This arises from two nuclei, median and 
lateral, in the flooT'dT”tTie”F()uT'Tir*veiltricle,* nT'ilie anterior part 
ortlSTTShlb in front and to the side of the twelfth nerve ; it 
extends from the middle line to the outside margin of the 
ventricle. There is also an accessory nucleu s situated on the 
ventral surface of the restiform body. . The nerve leaves the sur¬ 
face of the brain from the ventral surface of the fore-part of the 
restiform body at the hind margin of the pons in two roots. One 
winds round the restiform body dorsal to it and the other passes 



218 STRUCTURE OF THE BULB, PONS, & MID-BRAIN. [CH. XX. 

median to it. The former is called the dorsal root-. The latter 
is calle d the ventra l root. Most of tlie fibres of the dorsal root 
(codttewr^end in cells of the accessory nucleus, but fibres emerging 
from this nucleus pass inwards to the bulb, superficially, forming 
the striae acousticce in the floor of the fourth ventricle and find in 
the median nucleus. Most of the, fibres of the ventral root 
{vestibular) end in cells of the lateral nucleus. The cells of the 
median nucleus are small, those of the lateral nucleus, large. 

The cochlear branch is the auditory nerve proper, and the 
vestibular is distributed to the semicircular canals, the utricle 
and saccule, parts of the internal ear not directly concerned with 
hearing . * 

9, io, ii.—T hese three nerves are called respectively the 
alossogo harvngegl r . vagus or jmeuniogastric, and spinal accessary. 

[ They arise from aiT^area df grey” matter," f Caching from abou£*thef 
middle of the floor of the fourth ventricle down into the spinal! 
-cord, as low as the origin of the sixth or seventh cervical nerves. 
The nuclei of the three nerves are closely connected with each 

other. - ) .... 

'’"Tn” addition to this combined nucleus there are certain lateral 
contributions, namely :—i. the nucleus ambiguns, which lies on 
the lateral side of the reticular formation and is an accessory 
origin , of the vagus; ii. the fasciculus sglitarius, situated m 
the bulb, ventral and a little lateral to the combined nucleus, 
is also called the age endin g root of the glosso-pharyngeal n erve or 
the respiratory bundle; and Til. the spinal portion which takes 
originTrom a group Of cells lying in the extreme lateral margin of 
the anterior cornu. This is the origin of the spinal accessory, it 
■corresponds to the antero-lateral nucleus of the bulb, and the 
lateral part of the grey matter of the spinal cord. 

The fibres of the spinal origin of the nerve pass from these 
cells through the lateral column to'the surface of the cord. 

The fibres from the combined nucleus, chiefly from the median 
part, pass in a ventral and lateral direction through the reticular 
formation, then ventral to or through the gelatinous substance and 
the strand of fibres connected with the fifth nerve, to the surface 
of bulb. 

The, bundles of fibres of the fasciculus solitarius start in the 
■lateral grey matter of the cervical cord and higher in the reticular 
formation of the bulb, run longitudinally forwards to pass into the 
roots of the ninth nerve. 

The glosso-pharyngeal nerve gives filaments through its tympanic 
branch (Jacobson’s nerve), to the fenestra ovalis and fenestra 
rotunda, and the Eustachian tube, parts of the middle ear ; also, 
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to the carotid plexus, and through the petrosal nerve, to the 
spheno-palatine ganglion. After communicating, either within or 
without the cranium, with the vagus, it leaves the cranium, with 
the sympathetic, digastric branch of the facial, and the accessory 
nerve, and parts into the two principal divisions indicated by its 
name, and supplies the mucous membrane of the posterior and 
lateral walls of the upper part of the pharynx, the Eustachian 
tube, the arches of the palate, the tonsils and their mucous 
membrane, and the tongue as far forwards as the foramen caecum 
in the middle line, and to near the tip at the sides and inferior 
part. 

Functions .—The glosso-pharyngeal nerve contains some motor 
fibres to some of the pharyngeal muscles, together with those of 
comhibTi sensaETonTftlMFThe sense of taste. 

7 lbc vagus OY most varied functions, 

giving branches to the'pharynx, larynx, oesophagus, stomach, 
lungs, heart, intestines, liver, and spleen. So me fibres are 
afferent and some efferent. It will, however, be best to postpone 
our study of the functions of this nerve until we know more about 
the organs it supplies. £Tt should be particularly noted that the 
principal origin of this nerve is at the lower end of the ventricular 
door, or as it is generally called, the calamu s scr i ptorius. ) 

The spinal accessory nerve arises by two distinct origins—one 
from a centre in the floor of the fourth ventricle, and connected 
with the glosso-pharyngeal-vagus-nucleus; the other, from the 
outer side of the anterior cornu of the spinal cord as low down as 
the fifth or sixth cervical nerve. The fibres from the two origins 
come together at the jugular foramen, but separate again into two 
branches, the inner of which, arising from the medulla, joins the 
vagus, to which it supplies its motor and cardio-inhibitory 
fibres, consisting df sinail meaullatecl nerve-fibres, whilst the 
outer, consisting of large medullated fibres, supplies the trapezius 
and stemo-mastoid muscles. The external branch, which is the 
larger of the two, is composed almost exclusivel y of motor fibres. 
The internal branch of the accessory nerve supplies chiefly viscero- 
motor filaments to the vagus. ^ a m unn 1 pr -* 1 ** lurynx^, &H_pf 
whic h are su p plie d, apparent ly, by branches of the vagus^ derive 
i thgir motor neryes frpj^T^e^'jaecegsory ; and (which is "a "very 
sigmll'yfWU "fOTty the chimpanzee the internal 

branch of the accessory does not join the vagus at all, but goes 
direct to the larynx. 

12. The hypoglossal nerve arises from a large celled mid long 
nucleus in the bulb, clos e to the middle line, inside the combined 
nucleus of Ike mntii,te^^^an^TelevS^ nervesT^TPiFres frona. 
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thiB nucleus run from the ventral surface through the reticular 
formation in a series of bundles, and it emerges from a groove 
between the anterior pyramid and olivary body. It is connected 
with the vagus, the superior cervical ganglion of the sympathetic 
and with the upper cervical nerves. 

—This nerve is _£he motor nerve to the muscles 
connected with the hyoidJamsZ^ < > f Him l i yii^u e. 



213.—Diagrammatic representation of dorsal aspect of medulla, pons, and mid-brain 


It supplies through its descending branch (descendena noni), the 
sterno-hyoid, sterno-thyroid, and omo-hyoid; through a special 
branch, the thyro-hyoid, and through its lingual branches, the 
genio-hyoid, stylo-glossus, hyo-glossus, and genio-hyo-glossus and 
linguales. 

As *i pin*'"' its influence on all the m uscl es enumer ated 

above is shown by their movements when it is irritated, ancl by 
their loss of power when it is paralysed. 

A mere enumeration of the destination of the nerves arising 
in the bulb shows how supremely important this small area of the 
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brain is for carrying on the organic functions of life. It contains 
centres whichsecretion of 
saliva, sweat, &c., respiration, the heart’s movements, and the 
vaso-motor nerves. These and others we shall have to make a 
very complete study of when discussing the various subjects 
referred to. 


The Internal structure of the Bulb, Pons, and 

Mid-brain. 


The structure of the interior of these parts is best studied 
in a series of transverse sections. We will limit ourselves to 
seven, the level of which is indicated in fig. 213. The cerebellum 
has been bisected into two halves and turned outwards, its upper 



Fig. 214. —Section through the bulb at level of the decusxation of the pyramids, is, funi¬ 
culus gracilis, continuation of column of Oroll ; r, funiculus cuneatus, continuation of 
column of Burdach; a, substantia gelatmosa of Holando, continuation of posterior 
horn of spinal cord; 1,, continuation of lateral column of cord; a, remains of part of ' 
the anterior hom, separated from the rest of the grey matter of the pyramidal fibres r, 
which are crossing from the pyramid of the medulla to the posterior part of the lateral 
column of the opposite side. (After L. Clarke.) 


peduncles cut through to render the parts more evident. The 
position of our seven sections is indicated by the transverse lines 
numbered 1 to 7. 

First section. —This is taken at the lowest level of the bulb, 
through the region of the decussation of the pyramids. The 
similarity to the cervical cord will be at once recognised ; the 
passage of the pyramidal fibres (P) from the anterior part of the 
bulb to the crossed pyramidal tract of the opposite side of the 
cord cuts off the tip of the a nterior horn (A), which in sections 
higher up appears as an isolated mass of grey matter, called the 
lateral nucle us (fig. 2 1 5, nl). The V formed by the two posterior 
hoims is opened out, and thus the grey matter with the central 
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canal is brought nearer to the dorsal aspect of the bulb ; the tip 
of the cornu swells out to form the substantia galatinosa of 
Rolando (It), which causes a prominence on tTie surfa'ce*calTe 3 ~the 
fu&x U of Rola ndo ; (I and C are the fynimdi prnfUx imtLcuneaius 
respej jjyely-,"tbo nontinimfjffflfi npu;.B.rrlu of ihft colnmyift of (toll 
and Burdach . 

Second section. —This is taken through the upper part of 
the pyramidal decussation. Beginning in the middle line at the 


p.m.f. f-f n .-9 Sc. 



a.m.f. fa. W 


Tig. 215.—Anterior or dorsal section of the medulla oblongata in the region of-the superior 
pyramidal decussation, a.m./., anterior median fissure; /.a., superficial araform 
fibres emerging from the fissure; py., pyramid; n.a.r., nuclei of arciform fibres; 
deep arciform becoming superficial; o, lower end of olivary nucleus; ». l. nucleus 
lateralis; f.r., formatio reticularisarciform fibres proceeding,from the formatio 
reticularis; g, substantia gelatinosa of Kolando; a. V., ascending root of fifth nerve; 
h.c., nucleus cuneatus; n.c.', external cuneate nucleus; n.g., nucleus gracilis; 
f.g., funiculus gracilis; p.m.J., posterior median fissure; c.c., central canal surrounded 
by grey matter, in which arc n. XI ., nucleus of the spinal aepessory, and n.XII., nucleus 
of the hypoglossal; s.rf., superior pyramidal decussation (decussation of fillet). 
(Modified from Schwalbe.) 


top of the diagram, we see first the posterior median fissure {p.m.f.), 
below which is the grey matter enclosing the central canal (c.c.)/ and 
containing the nuclei of the eleventh and twelfth nerves; the funi¬ 
culus gracilis (f.g.) comes next, and then the funiculus cuneatus 
( f.c .) ; these two funiculi have now grey matter in their interior : 
these masses of grey matter are called respectively nucleus gracilis 
(n.g.) and nucleus cuneatus (n,c .); the fibres w hich have a scended the 
posterior columns of the cord .terminate... bv’arE oflsist* 1 a round th e 
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cellsjilihiB. grey matter ; the fibrefi.jxom.the lower part of the body 
ending iti t he nu c leus gracilis, and those from the ’upper part of 
the 'Body in the* nucleus'euneatus. These nuclei fo rm a most 
important position of relay in the course of the affer&ut_ fibres 
from cord to br^hr' 'The new fibres arising from the cells of 
these nuclei pass in a number of different directions, and break 
up the rest of the grey matter into what is called the formatia 
reticular is. The fibres may be divided into three main groups - r 
they are termed arcuate or areiform fibres. 

1. The external arcuate fibres ( / a, f u 1 ) course round the ven¬ 
tral surface of the bulb. 

2. Some of these turn round sharply (fa 3 ) to the restiform 
body of the same side. 

3. The intern al arcuato fibres are those which pass into the- 
formatio reticularis ancT"cross _ witli their fellows at the median 
raphe, forming what is sometimes called the superior pyramidal 

which should be more properly called th e decus- 
salion nl LJj^ f.I.le t. The fillet fibres, after having crossed to the 
othcPside* become a longitudinal bundle, which lies just dorsal 
to the pyramid (py), and continues upwards to various parts of 
the cerebrum, passing, however, through one or more cell stations 
(positions of relay) before ultimately arriving at the cortex. 

We now see that the brain has a crossed relationship to the body, 
the left half of the brain governing the right half of the body, 
and vice versd , both ap regards motion and sensation ; the motor* 
fibres mostly cross at the decussation of the pyramids, some few 
(those in the direct pyramidal 'tract) crossing at lower levels in 
the cord; the sensory fibres mostly cross at the decussation of j 
the fillet, though some few cross at lower levels in the cord, soon 
after their entrance into the cord by the posterior nerve-roots. 

Other points to be noticed in the section are the substantia 
gelatinosa of Rolando (g) (remains of posterior cornu), now sepa¬ 
rated from the surface by the ascending root of the fifth nerve 
(a V); the lateral - nucleus (n l) ; the lower part of the grey 
matter of the olivary body (o o 1 ), and most anteriorly the pyramid 

(py)- 

Third section. —This is taken at about the middle of the 
olivary body, and passes also through the lower part of the floor 
of the fourth ventricle. The central canal has now opened out 
into the fourth ventricle, and the grey matter on its floor contains- 
the nuclei of the twelfth and tenth nerves ; bundles of the fibres 
of these nerves course through* the substance of the bulb, leaving 
it at the places indicated in the diagram. 

The nucleus gracilis, nucleus euneatus, and tubercle of Rolando- 
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are pushed into a more lateral position ; the restiform body (Cr) 
now forms a well-marked ..prominence, and the olivary body is 
well seen with its dentate nucleus : from the open mouth of this 
corrugated layer of grey matter a large number of fibres issue, 
and passing through the rapht 4 , co urse as internal 
to the opposite restiform body, and thus to the cerebellum ; some 



Fig- 216.—Section of the medulla oblongata at abont the middle of the olivary body. 
f.l.n., anterior median fissure; nucleus arciformis; /», pyramid ; XII., bundle 

of hypoglossal nerve emerging from the surface ; at It, it is seen coursing between the 
pyramid and the olivary nucleus, «; f.a.e., external arciform fibres; n.l., nucleus 
lateralis; arciform fibres passing towards restiform body, partly through the sub¬ 
stantia gelatinosa, g., partly superficial to the ascending root of the fifth nerve, a.V. ; 
X., bundle of vagus root emerging; ./>., formatio reticularis ; e.r., corpus restiform, 
beginning to be formed, chiefly by arcifottn fibres; superficial and deep; n.c ., nucleus 
cuneatus ; n.g., nucleus gracilis; (, attachment of the ligula; funiculus solitarius ; 
«.X, n.X.\ two parts of the vagus nucleus: n.XIl., hypoglossal nucleus ; n.l., nucleus 
- of the funiculuB teres; n.am., nucleus ambiguus ; r., raphe ; A., continuation of the 
anterior column of cord ; o', o", accessory olivary nucleus ; p.n., pedunculus olivu-. 
(Modified from Schwalbe.) 

pass to the restiform body of the same side ; the continuation of 
the direct,cerebellar tract of the. 1cord also passcis'liitil’’"the resti¬ 
form body,. Its Hires terminate by arborisations round Purkinje’s 
t;ells in the ve rmi s. The funiculus solitarius and nucleus ambiguus , 
also seen in this section, have been already alluded to in 6ur 
account of the origin of the cranial nerves (p. 218). 

Fourth section. —This 1 is taken through the middle of the 
pons,- and shows much the same kind of arrangement as in the 
upper part of the bulb. The general appearance of the section 
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is, however, modified by a number of transversely coursing 
bundles of fibres, most of which aro* passing from the oerebellar 
hemispheres to the raph6, and form the middle cerebellar 
peduncles. Intermingled with these is a considerable amount of 
grey matter (nuclei pontis). The continuation upwards of the 
pyramids (py) is embedded between these transverse bundles, and 
separated by them from the reticular formation; the deeper 
transverse fibres, which form the trapezium ( 6). connect the supe¬ 
rior olivary nucleus of one side to the accessory auditory nucleus 



Kg. 217.—£- 

bundles; • 1 WWJBTWW UUJTOC INMNav P°\y LHJU1HI 

0.8. t superior olive; a.V., bundles of ascending 1 root of V. nerve enclosed in apro- 
lonpation of the substance of Rolando; £/., the sixth nerve, n.VI., its nucleus ; VII. f 
nerve; VII.*., intermediate portion, n. VII., its nucleus; VIII., auditory nerve, 
n. VIII., lateral nucleus of the auditory. (After Quain.) 



of the other side. The large olivary nucleus is no longer seen, 
but one or two small collections of grey matter (os) represent it, 
and constitute the superior olivary nucleus . The nerves taking 
origin in this region of the floor of the fourth ventricle are the 
sixth, seventh, and eighth. The fifth nerve originates higher 
up, where the floor of the fourth ventricle is narrowing, till at 
last, in the region of the mid-brain, we once more get a canal 
(Sylvian aqueduct) corresponding to the central ca.na.li of the 
spinal cord. 

The retioular formation between the grey floor of the ventricle 
and the trapezium is a continuation upwards of ’the reticular 

K|P. Q 
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formation seen in previous sections. It consists of white fibres 
passing transversely in different directions, between which there 
are fibres running longitudinally, and a considerable amount of 
grey matter. In such a complex system of intercrossing fibres, it 
is extremely difficult to separate' any definite tracts, but there are 
at least two longitudinal traots of fibres in it which a little higher 
up in the mid-brain are separated off from the rest; one of these 
is the fillet, the origin of which in the nuclei gracilis and cuneatus 
of the opposite side we have already seen ; the other is the 
posterior longitudinal bundle , which is stated by some to be a 
continuation upwards of some of the fibres of the anterior column 
of the cord; it certainly contains fibres connecting the nuclei of 
the third and sixth nerves. These are shown in the 

Fifth and Sixth sections, which are taken through the 



Fig. 218.—Outline of two sections across the mid-brain: A, through the middle of the 
inferior; B, through the middle of the superior corpora quadrigemina C.Q. 
Or., crusta; S.N., substantia nigra—shown only on one side ; T, tegmentum; 
S, Sylvian aqueduct, with its surrounding grey matter; L. G., lateral groove; 
p.l., posterior longitudinal bundle; d.V, descending root of the fifth nerve; 8.C.P., 
superior cerebellar peduncle; F, fillet; IH., third nerve. The dotted circle in B 
represents the situation of the tegmental nucleus. (After Sehttfer.) In B the three 
divisions of the crusta are indicated on one side. The pyramidal fibres (Py) are in 
the middle, and the fronto-cerebellar (F.C.) and temporo-occipital cerebellar (T.O.C.) 
at the sides. 


mid-ftwf! and are drawn on a smaller scale than the others we 
have been examining; they represent the actual size of the sec¬ 
tions obtained from the human subject. 

Near the middle is the Sylvian aqueduct, with its lining of 
ciliated epithelium. In the grey matter which surrounds it are 
large nerye-cells, from which the fourth nerve, and higher up the 
third nerve, originate; the fibres of the third nerve are seen 
issuing from these in fig. 218, B III. The reticular formation of 
the pons is continued up into the mid-brain, and is called the 
tegmentum. Its transverse fibres inolude the deoussating fibres of 
the superior peduncles of the cerebellum. The fibres of th & fillet partly 
pass in an oblique manner to the side of the mid-brain, and ter- 
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minate in the grey matter of the corpora quadrigemina (C Q) ; 
this is called the lateral fillet ; the rest of the fillet ( mesial fillet ) 
goes on through the crus, and has been traced into the optic 
thalamus ; from here fresh nerve-fibres, forming a new relay, con¬ 
tinue the afferent impulses to the cortex of the cerebrum. 

The pyramidal bundles of the pons are continued upwards, and 
form the middle third of the crusta (cr) or pes. The crusta and 
tegmentum are separated by a layer of grey matter called the 
substantia nigra (S N). There is also grey matter in the teg¬ 
mentum itself, which is called the tegmental or red nucleus. 

The corpora quadrigemina are formed mainly of grey matter; 
from each a bundle of white fibres passes upwards and forwards 
to the geniculate bodies, eventually joining the optic tract of the 
same side. The white layer on the surface of the grey matter of 
the C. quadrigemina is derived from the optic tract; these fibres 
come from the retina, and terminate by arborising around the 
cells of the grey matter of the C. quadrigemina. The further 
relationships of these parte of the brain we shall study in con¬ 
nection with vision. 


Seventh section. —This is through the crus. It is made up 
of crusta (which contains the motor fibres), 

tegmentum (which contains the sensory fibres, ✓-\ S.N. 

especially in the bundle called the mesial f T 
fillet), and the substantia nigra, the grey ( 
matter which separates them. -W* ) 

The destination of one of the spinal cord n. r J 

tracts we have not yet mentioned; this is J "7 . 

~ m • i* 1 Figr. 219.—Section through 

the trapt o f G o yers. This is continued up crus of cerebrum. Or, 

through the ventral part of the pons lateral Sgra 8 -’ T’ftegme^^ 

to the pyramidal bundles; when it reaches 

the superior cerebellar peduncles the main part of the tract 

takes a sharp backward turn and enters the midd le lobe or 

v ermis of the cerebel lu m, by the superior peduncle and superi or 

medullar y velum . Some of the fibres of the tract are continued, 

however, into the corpora quadrigemina. 



228 


STRUCTURE OF THE OEREBELLOM. [CH. XXI. 


CHAPTER XXL 

STRUCTURE OF THE CEREBELLUM. 

The Cerebellum is composed of an elongated central portion or 
lobe, called the vermis or vermiform process, and two hemispheres. 
Each hemisphere is connected with its fellow, not only by means 
of the vermiform process, but also by a bundle of fibres called 
the middle peduncle (the latter forming the greater part of the 



Fig. 220.—Cerebellum in section, and fourth ventricle, with the neighbouring parts, i, 
median groove of fourth ventricle, ending below m the calamus scriptorius, with the 
longitudinal eminences formed by the fasciculi teretes, one on each side2, the same 
groove, at the place where the white streaks of the auditory nerve emerge from it to 
cross the floor of the ventricle; 3, inferior crus or peduncle of the cerebellum, formed 
by the restiform body: 4, funiculus gracilis : above this is the calamus scriptorius; 
S, superior crus of cerebellum; 6, 6, fillet to the side of the crura cerebri; 7,7, lateral 
grooves of the crura eerebri; 8, oorpora quadrigemina. (From Sappey after Hirechfeld 
and Leveilld.) 

transverse fibres of the pons Yarolii), while the superior peduncles, 
whioh decussate in the mid-brain, connect it with the cerebrum 
(5, fig. 220), and the inferior crura (restiform bodies) connect it 
with the medulla oblongata (3, fig. 220). 

w The cerebellum is composed of white and grey matter, the 
latter being external, like that of the cerebrum, and like it, 
infolded, so that a larger area may be contained in a given space. 
The convolutions of the grey matter, however, are arranged 
after a different pattern, as shown in fig. 220. The tree-like 
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arrangement of the white matter has given rise to the name 
arbor vitae. Besides the grey substance on the surface, there are, 
in the centre of the white substance of each hemisphere, small 
masses of grey matter, the largest of which, called the carpus dm- 
tatum (fig. 221, cd), resembles very closely the corpus dmtatum 
of the olivary body of the medulla oblongata in appearance. 

If a section is taken through the cortical portion of the 



fig. 22i.—Outline sketch of a section of the cerebellum, showing the corpus dentatum. 
The section has been carried through the left lateral part of the pons, so as to divide 
the superior peduncle and pass nearly through the middle of the left cerebellar hemi¬ 
sphere. The olivary body has also been divided longitudinally so as to expose in 
section its corpus dentatum. cr, crus cerebri; /, fillet; g, corpora quadrigemina; 
sv, superior peduncle of the cerebellum divided; m p, middle peduncle or lateral part 
of the pons varolii, with fibres passing from it into the White stem; a v, continuation 
of the white stem radiating towards the arbor vitae of the folia; e d, corpus den¬ 
tatum ; o, olivary body with its corpus dentatum; p, pyramid. (Alien Thomson.) f. 

cerebellum, the following distinct layers can be seen (fig. 222) by 
microscopic examination. ' 

Underneath the pia mater is the external layer of grey matter ; 
it is formed chiefly of fine nerve-fibres with small nerve-cells 
scattered through it. Into its outer part, processes of pia mater 
pass vertically; these convey blood-vessels. There are also here 
numerous long tapering neuroglia-cells. The internal or granular 
layer of grey matter is made up of a large number of small nerve- 
cells mixed with a few larger ones, and some neuroglia-icells. 
Between the two layers is an incomplete stratum of large flask¬ 
shaped cells, called the cells of Purkinje. Each of these gives 
off from its base a fide process, which becomes the axis-cylinder 
of one of the medullated fibres of the white matter ; the neok of 
the flask passing in the opposite direction breaks up into dendrons 
which pass into the external layer of grey matter. By Golgi’s 
method (fig. 223) these dendrons have been shown to spread out 
in planes transverse to the direction of the lamellae of the organ. 

Each oell of Purkinje is further invested by arborisations of 
two sets of nerve-fibres. One of these (originating from the fibres 
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Fig. 222.—Vertical section of dog’s cerebellum; p m, pia mater; p, corpuscles of Purkinje, 
which are branched nerve-cells lying in a single layer and sending single processes 
downwards and more numerous ones upwards, which branch continuously and extend 
through the deep “molecular layer” towards the free surface; g, dense layer of 
ganglionic corpuscles; /, layer of nerve-fibres, with a few scattered ganglionic cor¬ 
puscles. This last layer (//) constitutes part of the while matter of the cerebellum, 
while the layers between it and the free surface are grey matter. (Klein and Noble 
Smith.) 



i’iff- 223.—Section of cerebellar cortex, stained by Golgi’s method; i. taken across the 
lamina; 11. in the direction of the lamina; a, outer or molecular layer; b, inner or 
granule layer; o, white matter, a, Cell of Purkinje ; 6, small cells of inner layer; c, 
dondrons of these cells; d, axis-cylinder process of one of these oells becoming longitu¬ 
dinal in the outer layer; e, bifurcation of one of these; g, a similar cell lying in the 
White matter. (Bamon y Cajal.) 


dendrons; the other (originating as axis-cylinder processes from 
the nerve-cells of the external layer) forms a felt-work of fibrils 
round the body of the cell. 


CHAPTER XXII. 

STRUCTURE OF THE CEREBRUM. 

Tub large size and complexity of the cerebrum distinguishes 
the brain of man from that of the lower animals ; the amount of 
convolution of its surface corresponds roughly with the degree of 
intelligence. 

The cerebrum consists of t*wo halves called cerebral hemispheres, 
separated by a deep longitudinal fissure and connected by a large 
band of transverse commissural fibres known as the corpus aallosum. 
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The interior of each hemisphere contains a cavity of complicated 
shape called the lateral ventricle ; the lateral ventricles open into 



Fig. 224.—View of the Corpus Callosum from above. J.—The upper surface of the corpus 
callosum has been fully exposed by separating the cerebral hemispheres and throwing 
them to the side ; the gyrus fomicatus has been detached, and the transverse fibres of 
the corpus callosum traced for some distance into the cerebral medullary substance, 
i, the upper surface of the corpus callosum ; 2, median furrow or raphe j 3, longitudinal 
stria) bounding the furrow; 4, swelling formed by the transverse hands as they pass 
into the cerebrum; 5, anterior extremity or knee of the corpus callosum; 6, posterior 
extremity; 7, anterior, and 8, posterior part of the mass of fibres proceeding from the 
corpus callosum; 9, margin of the swelling; 10, anterior part of the convolution of the 
corpus callosum; 11, hem or band of union of this convolution; 12, internal con¬ 
volutions of the parietal lobe; 13, upper surface of the cerebellum. (Sappey, after 
Foville.) 


the third ventricle. These and the corpus callosum are shown 
in fig. 224. 

The next figure represents a dissected brain in which the 
corpus callosum has been removed; the ventricles are seen 
better. 

Each hemisphere is covered with grey matter, which passes 
down into the fissures that abound on its exterior. This surface 
grey matter is called the cerebral cortex. The atnount of this 
grey matter varies directly with the Amount of convolution of the 
surface. Under it white matter is situated; and at the base 
there are masses of grey matter; part of these basal ganglia are 
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seen forming part of the wall of the ventricles. The anterior 
basal ganglion is called the corpus striatum; it is divided into 
two parts called the lenticular or extraventri c ular nucle us, and 
the caudate or intraventricular nucleus. IF has received the 



Kg. 225.—Dissection of brain, from above, exposing the lateral fourth and fifth ventricles 
with the surrounding parts, i.—a, anterior part, or genu of corpus callosum; 6, corpus 
striatum ; V, the corpus striatum of left Bide, dissected so as to expose its grey sub¬ 
stance ; c, points by a line to the tssnia semidrcularis; d, optic thalamus ; e, anterior 
pillars of fornix divided; below they are seen descending in front of the third ventricle, 
and between them is seen part of the anterior commissure; in front of the letter e is 
seen the slit-like fifth ventricle, between the two laminee of the septum lucidum; /, 
soft or middle commissure; g is placed in the posterior part of the third ventricle; 
immediately behind the latter are the posterior commissure (just visible) and the 
pineal gland, the two crura of which extend forwards along the inner and upper 
margins of the optio thalami; h and i, the corpora quadrigenuna; te, superior crus of 
cerebellum; close to % is the vslve of Tieussens, which nas been divided so as to 
expose the fourth ventricle; l, hippocampus major and corpus flmbriatum, or tssnia 
hippocampi; m, hippocampus minor; n, eminentia collateralis; o, fourth ventricle: 
v, posterior surface of medulla oblongata; r, section of oerebellum; i, upper part of 
left hemisphere of cerebellum exposed by the removal of part of the posterior cerebral 
lobe, (J drschfeld and Xieveilld.) 


latter name because it is seen in the interior of the ventricle^ 
The posterior basal ganglion is* called the o^ic thalamus . 

Passing up between the basal ganglia are the white fibres 
which enter the cerebral hemisphere from the crus; these oonsti- 
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tute the i nternal capsul e. This passes in front between the two 
subdivisions’ 7 >f the corpus striatum, and behind between 
the optic thalamus and the lenticular nucleus of the corpus 
striatum. 

The relationship of these parts is best seen in a vertical section ; 
such as is represented in the next diagram. 

One hemisphere is seen, with portions of the other. The sur¬ 
face darkly shaded indicates the grey matter of the cortex, which 
passes down into the fissures; one very extensive set of convolu- 



Fig. 226.—Vertical section through the cerebrum and basic ganglia to show the relations 
of the latter, cn, cerebral convolutions; cc., corpus callosum ; v.l,, lateral ventricle ; 
/, fornix ; vJJJ., third ventricle ; n.c., caudate nucleus ; th, optic thalamus ; n.l., lenti¬ 
cular nucleus ; e.i., internal capsule ; cl., clauBtrum; c.e., external capsule 1 ; m, corpus 
mammilla-r e ; t.o., optic tract; s.t.t., stria terminalis; n.a., nucleus amygdalae; cm, soft 
commissure. (Schwalbe.) 

tions (co i) passes deeply into the substance of the hemisphere, 
this is called the Island of Reil; the lowest stratum of grey 
matter is separated from this to form a narrow isolated strip of 
grey matter called the claustrvm (cl). In the middle line from 
above down are seen the great longitudinal fissure extending as 
far as (cc) the corpus callosum, the band of white matter that 
forms the great commissure between the two hemispheres; be¬ 
neath this are the lateral ventricles which communicate by the 
foramen of Monro with the third ventricle :. the fornix is indicated 
by the letter/. Contributing to .the floor of the lateral ven¬ 
tricle, one next sees the optic thalamus (th), and the tail end of 
the nucleus caudatus (« c) ; the section being taken somewhat 
posteriorly. The nucleus lenticularis is marked nZ; and the 
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band of white fibres passing up between it and the thalamus is 
called the internal capsule (ci ); the narrow piece of white matter 
between the claustrum and the lenticular nucleus is called the 
external capsule. 

For the student of medicine the internal capsule is one of the 
most important areas of the brain. Into it are continued up the 
fibres which we have previously traced as far as the crus cerebri; 
the motor - fibre s of the crusta are continued into the anterior two- 
thirds of its posterior limb (i.e. behind the genu * in fig. 227); 
the sensory fibres of the tegmentum into the posterior third of 
this limb. When these fibres get beyond the narrow pass between 
the basal ganglia, they spread out in a fan-like manner and are, 
distributed to the grey cortex; the motor-fibres going to the motor 
convolutions around the fissure of Rolando; the sensory fibres to the 
same convolutions and also to others behind these which are asso! 
ciated with special sensations. The name corona rad,iata .m applied' 
to the fan-like spreading of the fibres; the fibres as they pass 
through the handle of the fan, or internal capsule, communicate 
with the nerve-cells of the grey matter of the basal ganglia; the 
pyramidal fibres on their way down to the medulla and cord from 
the motor areas of the brain send off collaterals or side branches 
which arborise around the cells of the corpus striatum, *yid to 
a lesser degree around those of the optic thalamus; the axis- 
cylinder processes of these cells pass out to join the pyramidal 
tract on its downward course. The Sensor y fibre s- on their way 
up may pass straight on to the cortex, buF the majority, especially 
those in the fillet, terminate by arborising round the cells of the 
optic thalamus, and in the subthalamic area. This in fact, is 
another cell-station or position of relay: the fibres passing out 
from the cells of the thalamus continue the impulse on to the 
cortex. 

The importance of the internal capsule is rendered evident 
when one considers the blood supply of these parts; at the an¬ 
terior and posterior perforated spots, numerous small blood-vessels 
enter for the supply of the basal ganglia, and these are liable to 
become diseased, and if they rupture, a condition called apoplexy 
is the result; if the heemorrhage is excessive, death may result 
almost immediately; but if the patient recovers, a condition of 
paralysis more or less permanent remains behind; and a very 
large amount of paralysis results from a comparatively limited 
lesion, because so many fibres are congregated together in this 
narrow isthmus of white matter. If the heemorrhage is in the 
anterior part of one internal capsule, motor paralysis of the 
opposite side of the body (hemiplegia) will be the most marked 



236 STRUCTURE OP THE CEREBRUM. [oh. XXII. 

symptom. If the haemorrhage occurs in the posterior part, sen¬ 
sory paralysis of the opposite side of the body will be the most 
marked symptom. If the motor-fibres are affected, degeneration 
will occur in the pyramidal tract and can be traced through the 
pes of the crus and mid-brain to the pyramid of the pons and 
bulb, and then in the crossed pyramidal tract of the opposite side 
and the direct pyramidal tract of the same side of the cord. 

Figure 227 represents a horizontal view through the hemi- 



Kg. 227.—-Diagram to show the connection of the Frontal Occipital Lobes with the Cere¬ 
bellum, fcc. The dotted lines passing in the crusta (t.oc), outside the motor fibres, 
indicate the connection between the temporo-occipital lobe and the cerebellum, f.o., 
the fronto-eerebellar fibres, which pass internally to the motor tract in the crusta; 
i.k., fibres from the caudate nucleus to the pons, kh., frontal lobe; Oc., occipital 
lobe; af., ascending frontal; ap., ascending parietal convolutions; pop., precentral 
fissure in front of the ascending frontal convolution; pa., fissure of Rolando; iff., 
interparietal fissure. A section of crus is lettered on the ieft side, s.n., substantia nigra; 
py., pyramidal motor fibres, which on the right are shown as continuous lines converging 
to pass through the posterior limb of r.o., internal capsule (the knee or elbow of which 
is shown thus *) upwards into the hemisphere and downwards through the pons to 
cross at the medulla in the anterior pyramids. (Gowers.) 

sphere. The internal capsule (c) at the point * makes a bend 
called the genu or knee, behind which the motor-fibres, and 
more posteriorly still the sensory-fibres, pass. The connection 
between cerebrum and cerebellum is also indicated; one cerebral 
hemisphere being connected with the cerebellar hemisphere of the 
opposite side by the superior cerebellar peduncle which decussates 
with its fellow in the mid-brain. 
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Histological Structure of the Cerebral Cortex. 


The cortex is generally described as consisting of the following 
five layers (Meynert) :— 


i. Superficial layer with abun¬ 
dance of neuroglia and a few small 
multipolar gangliompells. 2. A 
thin layer of ~arlarge number of 
closely packed small gangl ion-cel ls 
of p yramida l shape. 3. The most 
important layer, and the thickest 
of all: it contains many largo 
pyramidal ganglion-cells, each with 
a process runHWg'off from the apex 
vertically towards the free surface, 
and lateral processes at the base 
which are always branched. Also 
a median process from the base of 
each cell which becomes con¬ 
tinuous with the axis-cylinder of 
a nerve-fibre. The bundles of 
fibres Bpread out in this layer. 
4. Numerous ganglion-cells, some 
large and others small, form¬ 
ing the granular formation of 
Meynert. 5. Spindle-shaped and 
branched ganglion-cells of mode¬ 
rate size arranged chiefly parallel 
to the free surface (fig. 228). This 
layer is remarkable in being broken 
up by fibres arranged in groups 
passing to the outer layers. 

It is a noticeable fact that the 
different layers do not bear the 
same relation to one another in 
thickness in different regions. In 
the area about the fissure of Ro- 
fendo, which we shall presently 



see is called the motor area , the 
large pyramidal cells of the third 
layer are conspicuous in size and 


Fig. aa8.—The layers of the oortical 
grey matter of the oerebrum. 

(Meynert.) 


number, and numerous large cells are found in the fourth layer. 
Thew* latter attain their greatest development in the pre-central 
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and post-central convolutions. The granular layer is very marked 
in the occipital region, forming a distinct and broad division of the 
fourth layer. The large cells are scarce. In the frontal region, 
the pyramidal and fourth layers are well marked but the cells are 



A, medium-sized pyramidal cell of the second layer. 

B, large pyramidal cell of third layer. 

C, polymorphous cell of fourth layer. 

D, cell of which the axis-cylinder process is ascending. 

E, neuroglia cell. 

F, cell of the flnst, or molecular, layer, forming an intermediate cell-station between 

sensory fibres and motor cells. 

G, sensory fibre from the white matter. 

H, white matter. 

I, collateral of the white matter. (Ramon y Cajal.) 

less numerous ; the nuclear layer is very distinct. The pyramidal 
cells are those from which the motor or efferent fibres originate. 
The separation of the fifth layer from the cest to form the 
claustrum in the region of the Island of Beil has been already 
alluded to (p. 234). 

By Golgi’s method the arrangement of these cells has been re¬ 
cently made out much better. The above diagram (fig. 229) is 
taken from Bamon y CajaTs Croonian Lecture, and the following 
two (figs. 236 and 231) are from photo-micrographs kindly lent 
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me by Dr. Mott. Fig. 230 represents a section through the motor 
cortex of the human brain, and shows very beautifully the large 



Fig. 230.—Human cerebral cortex: Golgi’s method. (Mott.) 



Pig. 231.—Human oerebral.oortex: Golgi's method. (Mott.) 

pyramidal cells with dendrons passing off from their comers, and 
the axis-cylinder process passing from the base of each towards 
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the white matter, giving off collaterals on the way. Nouroglia- 
cells are also seen. 

Fig 231 is a high-power view of the same. An interest¬ 
ing additional point is also brought out; in the lower part of 
the diagram some of the neuroglia-cells are seen in the sheath 
of a small blood-vessel. Cajal considers that such cells may by 
their movements assist the dilatation of the vessels. 

The ceJls_.of thecortex. thus give rise to the mo tor or efferent 
fibres; these pass into the white matter of the interioi* of'the 
brain. These go either directly or by collaterals, (x) to the cortex 
of more or less distant convolutions. These are called Agwdatimr- 
fibres. (2 ) Others pass to the corpus callosum, and so reach the cortex 
oFthe opposite hemisphere. These are called Commiss ural fib res. 
In each case they terminate by arborisations around the cells of 
the grey matter of the cortex; while others again, especially 
those of the largest pyramidal cells, extend downward through 
the corona radiata and internal capsule and Jbeejame, .(3) fibimof 
the pyramidal tract These" are called Projection fi bres. As they 
pass down they give off collaterals to tfic ft ^djaeent grey matter, 
to the opposite hemisphere vid the corpus callosum, to the corpus 
striatum and the optic thalamus, where they terminate by arbori¬ 
sations: the main fibres terminate in arborisations round the 
multipolar cells o f the an.teridr~Ebm of the spinal cord. 

The cells of the cortex are, in addition to all this, surrounded 
by the arborising terminations of the sensory nerve-fibres, which, I 
after relays at various cell-stations, ultimately reach the cortex. 

We are now in a position to complete diagram 200, and obtain 
an idea of the relations of the principal cells and fibres of the 
cerebro-spinal nervous system to one another. 

.Pyr. is a cell of the Rolandic area of the cerebral cortex; ax is its axis- 
cylinder process which passes down in the pyramidal tract, and crosses the 
middle line ab at the pyramidal decussation. It gives off collaterals, one of 
which (pallj is shown passing in the corpus callosum to terminate in an 
arborisation in the cortex of the opposite hemisphere ; another (str) passes 
into the corpus striatum. In the cord collaterals pass off and end in arbori- 
. sations round cells of the anterior horn of the spinal cord (see also fig. 200) ; 
the main fibre has a similar termination. The motor nerve-fibre passes from 
the anterior cornual cell to muscular fibres where it ends in the terminal 
arborisation of the end-plate. 

Coming now to the sensory fibres, a cell of one of the spinal ganglia is 
shown. Its axis-cylinder process bifurcates, and one branch passes to the 
periphery ending in arborisations in skin and tendon. The other (central) 
branch bifurcates on entering the cord, and its divisions pass upwards and 
downwards, the latter for a short distance only; the terminations of this 
descending branch and of collaterals of the ascending branch round the cells 
cd the spinal cord are more fully shown in figure 200. The main ascending 
branch arborises around a cell of the gwmUfti (wo ) fit nucleus 

cuggftfeuB in the posterior columns of -the bulb ; the axiglcj'nnaer process of 
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this cell passes over to the other side as mi jpturnmt arrilditf it and 

becomes longitudinal as 011c of the fibres of the mesial hilet (E 1 ;, which 
terminates round a cell of the optic thalamus (o.t.), frdTfPwhfih anew axis- 
cylinder process passes to form an arborisation around the dendrons of one of 


A.C.N 



Fig, 23a.—Scheme of relationship of cells and tibres of brain and cord. (In the preparation 
of this diagram 1 have received considerable assistance from l)r. Mott.) 


the cerebral cells (Cajal’s nerve-uriit of association A.C.N.) in the surface layer 
of the cortical grey matter (shown on a larger scale in fig. 229 F) ; the axis- 
cylinder process of A.C.N. arborises round the dendrons of the pyramidal cell 
from which we started. 

In this way one gets a complete .physiological circle of nerve-units; the 
segments of the circle are, however, anatomically distinct, and the impulses 
travel through contiguous, not through continuous, structures. The simple 
arrows indicate the direction of the impulses in the efferent projection 
system ; the fathered arrows in the afferent projection system. 

u 
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Next we come to the connections of the cerebellum. One of the colla¬ 
terals of the sensory nerve-fibres arborises round a cell of Clarke’s column, 
from which a fibre of the direct, cerebellar tract passes to end in an arbori¬ 
sation around a cell in the vermis of the cerebellum. P is one of the cells of 
Purkinje, the axis-cylinder process of which P.ax passes to the cerebro¬ 
spinal axis; it is depicted as passing down to envelop one of the cells of the 
anterior horn ; but this has never been satisfactorily demonstrated ; so a 
dotted line has been used to indicate this uncertainty. 

The origin and destination of the tract of Gowers, which are also matters 
of doubt, are not shown in the diagram ; the fibres of communication from 
the cerebral to the opposite cerebellar hemisphere, which pass through the 
superior cerebellar peduncle, are also omitted. The sympathetic system, with 
its numerous cell stations in the sympathetic ganglia, we shall study in 
connection with the blood-vessels and viscera to which the sympathetic 
fibres are distributed. , 

G.M is the grey matter which is continuous from spinal cord to the optic 
thalamus, and through this certain afferent impulses, such as those of pain, 
travel upwards. 


The Convolutions of the Cerebrum. 

The surface of the brain is marked by a great number of de¬ 
pressions which are called fissures or sulci , and it is this folding 
of the surface that enables a very large amount of the precious 
material called the grey matter of the cortex to be packed within 
the narrow compass of the cranium. In the lowest vertebrates 
the surface of the brain is smooth, but going higher in the animal 
scale the fissures make their appearance, reaching their greatest 
degree of complexity in the higher apes and in man. 

In a certain embryonic stage of the human foetus the brain is 
also smooth, but as development progresses the sulci appear, 
until the climax is reached in the brain of the adult. 

The sulci, which make their appearance first, both in the 
animal scale and in the development of the human foetus, are the 
same. They remain in the adult as the deepest and best marked 
sulci; they are called the primary fissures or sulci, and they 
divide the brain into lobes ; the remaining sulci, called the secon¬ 
dary fissures or sulci, further subdivide each lobe into convolutions 
or gyri. 

A first glance at an adult human brain reveals what appears 
to he a hopeless puzzle; this, however, is reduced to order 
when one studies the brain in different stages of development, 
or compares the brain of man with that of the lower animals. 
The monkey’s brain in particular has given the key to the 
puzzle, because there the primary fissures are not obscured 
by the complexity and contorted arrangement of secondary 
fissures. 

The next figure, comparing the brain of one of the lower monkeys 
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with that of the child at birth, shows the close family likeness in 
the two cases. 



h'ig. 233 * 

A. Brain of adult Macacque monkey. 

B. Brain of child shortly before birth. 

The two brains are very much alike, but the growth forwards of the frontal lobes even 
at this early stage of development of the human brain is quite well .seen. S, fissure of 
Sylvius; B, fissure of Bolando. 

Fig. 234 gives a representation of the brain of one of the 
higher monkeys, the orang-outang, where there is an inter- 



Fig. 234.—Brain of the Orang. J natural size, showing the arrangement of the con¬ 
volutions. Sy, fissure of Sylvius; H, fissure of Bolando; El\ external perpendicular 
fissure; Olf, olfactory lobe; Cb, cerebellum3 PV, pons Varolii; MO, medulla 
oblongata. As contrasted with the human brain, the frontal lobe is short and small 
relatively, the fissure of Sylvius is oblique, the temporo-sphenoidal lobe very promi¬ 
nent, and the external perpendicular fissure very well marked. (Gratiolet.) 

mediate condition of complexity by which we are led lastly to the 
human brain. 

Let us take first the outer ’ surface of the human hemisphere ; 
the primary fissures are— 

1. The fissure of Sylvius; this divides into two limbs, the pos¬ 

it 2 
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terior of which is the larger, and runs backwards and upwards, 
and the anterior limb, which passing into the substance of the 
hemisphere, forms the Island of Rett. 

2. " The fissure of Rolando, running from about the middle of 
the top of the diagram downwards and forwards. 

3. The external parieto-occipital fissure (Par. oc. f) parallel to the 
fissure of Rolando but more posterior and much shorter ; in some 
monkeys it is longer. 



Fig. 235.—Right cerebral hemisphere, outer surface. 


These three fissures divide the brain into five^ lobes :— 

1. The frontal lobe ; in front of the fissure of Rolando. 

2. The parietal lobe ; between the fissure of Rolando and the 
external parieto-occipital fissure. 

3. The occipital lobe; behind the external parieto-occipital 
fissure. 

4. The temporal or temporo-sphenoidal lobe ; below the fissure of 
Sylvius. 

5. The Island of Rett. 

It will be noticed that the names of the lobes correspond to 
those of the bones of the cranial vault which cover them. There 
is no exact correspondence between the bones and the lobes, but 
the exact position of the various convolutions in relation to the 
surface of the skull is a matter of anatomy, which, in these days 
of brain-surgery, is of overwhelming importance to the surgeon. 
The position of a localised disease in the brain can be determined 
very accurately, as we shall see later, by the symptoms exhibited 
by the patient, and it would be obviously inconvenient to the 
patient if the surgeon was unable to trephine over the exact spot 
under which the diseased convolution lies, but had to make a 
number of exploratory holes to find out where he was. 

Each lobe is divided into convolutions by secondary fissures. 

The frontal lobe is divided by th e central fronted sulcus 
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which runs upwards parallel to the fissure of Rolando, and two 
transverse frontal sulci, upper and lower, into four convolutions; 
namely, the ascending frontal convolution in front of the fissure 
of Rolando, and three transverse frontal convolutions, upper, middle, 
and, lower, which run outwards and forwards from it. 

2. The parietal lobe has one important secondary sulcus, at 
first running parallel to the fissure of Rolando and then turning 
back parallel to the margin of the brain. It is called the intra- 
parietal sulcus. The lobe is thus divided into the ascending 
parietal convolution behind the fissure of Itolando, the supra¬ 
marginal convolution between the intra-parietal sulcus, and the 
fissure of Sylvius; the angular convolution which turns round the 
end of the Sylvian fissure, and the superior parietal convolution, or 
parietal lobule, in front of the external parieto-occipital fissure. 

3. The occipital lobe is divided into upper, middle, cmd lower 
occipital convolutions by two secondary fissures running across 
it. 

4. The temporal lobe is similarly divided into upper, middle, 
and lower temporal convolutions by two fissures running parallel 



Fig. 236.—llight cerebral hemisphere, mesia surface. 


to the fissure of Sylvius; the upper of these fissures is called the 
parallel fissure. 

5. The Island of Reil is divisible iuto convolutions by the 
breaking up of the anterior limb of the Sylvian fissure. 

Coming now to the mesial surface of the hemisphere (fig. 236), its 
subdivisions are made evident by cutting through the corpus cal¬ 
losum which unites the hemisphere to its fellow. The subdivision 
into lobes is not so apparent ’here as on the external surface of 
the hemisphere, so we may pass at once to the convolutions into 
which it iB broken up by fissures. 
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In the middle the corpus callosum is seen cut across; above 
it and parallel to its upper border is a fissure called the calloso- 
marginal fissure which turns up and ends on the surface neat 
the upper end of the fissure of Rolando. The convolution above 
this is called the marginal convolution , and the one below it the 
callosal convolution or gyrus fornicatm s. The deep fissure below 
the corpus callosum running from its posterior end forwards and 
downwards is called the dentate fissure; this forms a projection 
seen in the interior of the lateral ventricle and called there the 

hippocampus major; it is some- 



Fig. 237.—Orbital surface of frontal lobe. 
M, marginal convolution. 

O, olfactory sulcus. 

O.S, orbital sulcus. 

I, island of Beil. 

S.a, anterior limb of Sylvian fissure. 
S.p, posterior limb of Sylvian fissure. 
A.P.8., anterior perforated spot. 


times called the hippocampal 
convolution which, together with 
the gyrus fomicatus above the 
corpus callosum,'constitutes the 
limbic lobe. Below the dentate 
fissure is another called the 
collateral fissure, above which is 
the uncinate convolution, and be¬ 
low which is the inferior tem¬ 
poral convolution which we have 
previously seen on the external 
surface of the hemisphere (see 
fig. 235). In the occipital region 
the internal parieto-occij ital fis¬ 


sure, which is a continuation of the external parieto-occipital 


fissure, passes downwards and forwards till it meets the cal¬ 
carine fissure ; these two enclose between them a wedge-shaped 
piece of brain called the cwneus or cuneate lobule; the square 
piece above it being called the precuneus or quadrilateral lobule. 

The only convolutions now left arc those which are placed on 
the surface of the frontal lobe that rests on the orbital 


plate of the frontal bone; they are shown in fig. 205, 
2 2' 2", and may be seen diagrammatically in fig. 237, the 
end of the temporal lobe being cut off to expose the convolu¬ 
tions of the central lobe or Island of Reil. 


Along the edge is the continuation of the marginal convolution 
(m) ; next comes the olfactory sulcus (o) in which the olfactory 
tract and bulb lie; then the triradiate orbital sulcus which divides 


the rest of this surface into three convolutions. 
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CHAPTER XXIII. 

FUNCTIONS OF THE SPINAL CORD. 

The functions of the spinal cord fall into two categories: 
functions of the grey matte r, which- consisLin the reflfir.tkm ni 
afferent impulses: ' and their conversion 

[reji.ex aclion) ; and' functions o? the white matter, which ar e 
tllflSfi Of conduction. 


The Cord as an Organ of Conduction. 

We have studied at some length the various paths in the white 
matter, and so we have the materials at hand for recapitulating 
the main facts in connection with the physiological aspect of the 
problem. 

Qomslete section of the seinal-Cor d in, animals, an d diseases or 
inj uries of the cord or spinal canal in inan, which pr 9 BW 0 fCITy’’ 3 ut 
the cox’d in two, lead to certain histological changes of a degene¬ 
rative nature, which we have already studied, and to physiological 
results, which are briefly—(i) naralvs^ . both mo tor and se nsor y 
of the parts of the body supplied by spinal nerv"ea“wMch 1 originat< 
below the point of injury; and (2) increased refl ex irritability o 
t he same pa rts , th e reason for which we shall study immea lately J 

same sic|e j^I ^jfiy^cor^anfl loss of motion anci sensatloii oh the 
IwmeTsicle of the body* below the lesion. 

The motor path hi the n ord from thp b rain is the pyramid al 
tract; the anatomy of this tract is fully described in Chapters 
XVIII. to XXI., and we need do no more here than remind the 
reader that it originates from the pyramidal cells of the cortex of 
the opposite cerebral hemisphere, and that the principal decussa¬ 
tion occurs at the lower part of the bulb. 

The sensory tracts are more complex, on account of the nume¬ 
rous cell-stations on their course. The path for tactile and mus¬ 
cular sense impressions is up the posterior columns to the nucleus 
gracilis and nucleus ouneatus; thence by the internal arcuate 
fibres and fillet to the optic thalamus, and thence by the poste 
rior part of the internal capsule to the Rolandic area of the oppo¬ 
site cerebral hemisphere; tlife decussation of the fillet occurs in 
the bulb. 

Brown Shquard and Schiff, two of the earliest to work at the 
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subject of conducting paths in the cord, arrived at the conclusion 
that painful impressions travelled to the brain by the gr ev matte r 
of th e co rd. This conclusion was regarded as paradoxical, for 
white matter is conducting, grey matter is central or reflecting. 
But the conclusion is not so paradoxical as it appears at first 
sight, for we now know the grey matter is made up of nerve- 
units, communicating physiologically by their interlacement of 
dendrons; and it is quite easy to understand that impulses may 
travel up grey matter through a vast series of cell stations or 
positions of relay. The more exact methods of modern research 
have gone far to justify the conclusions of Schiff and Brown- 
Sequard, and it is now generally held that the impulses due to 
painful impressions, and also those produced by heat and cold, 
travel up to the optic thalamus by the loopings of fibres from 
Icell to cell through the tract of grey matter, which is continuous 
[from cord to optic thalamus (fig. 232); from the optic thalamus the 
/fibres of the corona radiata carry on the impulse to the cortex. 
These conclusions are confirmed by the phenomena seen in certain 
diseases. One of the most instructive of diseases from the physio¬ 
logical standpoint is called locomotor ataxy. This disease is a 
widespread affection of the sensory apparatus, both central and 
peripheral; it sometimes leads to almost complete loss of sensa¬ 
tion of all kinds in various parts of the body, particularly the 
lower limbs, but it is sometimes selective, muscular and tactile 
sense being abolished, when painful and thermal sensations are 
felt. This at any rate shows that different channels conduct 
these impressions to the brain. 

Some sensory or rather afferent impulses reach the cerebellum 
via the cells of Clarke’s column and the direct or dorsal cerebellar 
tract to the restiform body and inferior peduncle of the cere¬ 
bellum. It terminates in the vermis or middle lobe of the cere¬ 
bellum ; the fibres of the tract of Cowers originate in cells at the 
base of the anterior horn of the opposite side of the cord, and 
those of its fibres which enter the cerebellum do so by its supe¬ 
rior peduncle, and these also end in the vermis. 

This leaves us still one more set of fibres to consider; these 
are the fibres that leave the cerebellum and travel up to the brain 
and down the cord. They, like most of the other tracts, have been 
investigated by the degeneration method. Their exact course is, 
however, uncertain, though probably they ultimately terminate by 
arborising round the multipolar cells of the cerebrum and of the 
anterior horn of the cord (see dotted 1 line in fig. 232). 
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Reflex Action of the Spinal Cord. 

There are two theories of a speculative nature regarding the 
relationship of reflex and voluntary actions : one is, that all 
actions are in essence reflex, and that the so-called voluntary 

.. . 11 — ■ 1 m ...i Mw . n l iu mm.' 

actions are moditiea reflexes, in wmcntne afferent impulse to act, 
though often obscure, is nevertheless by seeking always to be 
found. Put in popular language, this theory implies that we 
have really no such thing as a will of our own, but our actions 
are simply the result of external circumstances. 

The other theory is the exact opposite—n ame ly.—that .all 
actions arc in thejbeginniug 

practice in the lifetime of the individual, or the lifetime of his 
ancestors, who transmit this acquired character to their descen¬ 
dants. 

This is not the place to discuss a philosophical question of 
this kind, and still less the debated question whether acquired 
diameters are transmissible by inheritance. La- 

tween voluntary and reflex actions is a u seful practical one, an d 
certainly it cannot be doubted tl«?F*~many'^racCIsefT actions 
become reflex in the lifetime of every one of us. Take walking as 
an example: at first the act of locomotion is one in which the 
brain is concerned ; it is an action demanding the concentration 
of the attention ; but later on. the action is largely carried out by 
t he spinal cord, the afferent impulse s to;€fiAlS^rlESn'''’ tlie feet 
directing the eff erent impuls es to t he musc les concerned. 

The reflex actions of the spurn! cord may first be studied in a 
brainless frog, as in this animal the spinal cord posse sses a great 
power of controlling very complex reflex actions. 

Reflexes in a Brainless Prog. 

After destruction of the brain the shock of the operation ren¬ 
ders the animal for a short time motionless and irresponsive to 
stimuli, but in a few minutes it gradually assumes a position 
which differs but little from that of a living conscious frog. If 
thrown into water it will swim; if placed on a slanting board it 
will crawl up it (tioltz); if stroked on the flanks it will croak 
(Holtz); if it is laid on its back, and a small piece of blotting- 
paper moistened' with acid be placed on the skin, it will generally 
succeed in kicking it off; if a foot is pinched it will draw the 
foot away; if left perfectly quiet it remains motionless. 
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The muscular response that follows an excitation of the sur¬ 
face is purposive and constant, the path along which the impulse 
i 3 ’propagated being definite. 

Under certain abnormal conditions, however, the propagation 
of the impulse in the cord is widespread, the normal paths being, 
as it were, broken down. This is seen in the convulsions that 
occur on slight excitation in animals or men who have suffered 
from profuse haemorrhage, or in the disease called lockjaw or 
tetanus. Such a condition is easily demonstrable in a frog under 
the influence of strychnine : after tho injection of a few drops of 
a i per cent, solution under the skin, cutaneous excitation no 
longer produces co-ordinated muscular responses, but paroxysms of 
convulsions, in which the frog assumes a characteristic attitude, 
with arms flexed and legs extended. 

Spreading of reflexes .—If one lower limb is excited, it is that 
limb which responds: if the excitation is a strong one it will 
spread to the limb of the opposite side, and if stronger still to 
the upper limbs also. 

Cumulation of reflexes .—This is well illustrated by Turek’s 
method. If a number of beakers of water are prepared, acidulated 
with i, 2, 4, <fec. parts of sulphuric acid per i,ooo, and the tips 
of the frog’s toes are immersed in the weakest, the frog at first 
takes no notice of the fact, but in time the cumulation or sum¬ 
mation of the sensory impulses causes the animal to withdraw its 
feet. If this is repeated with the stronger liquids in succession, 
the time that intervenes before the muscles respond becomes less 
and less. This method also serves to test reflex irritability when 
the frog is under the influence of various drugs. 

Inhibition of reflexes .—If instead of destroying the whole brain, 
the cerebrum only is destroyed, and the optic-Jobes-.leffc'- intact, 
response to excitation is much slower, the influence of the remain¬ 
ing part of the brain inhibiting the reflex action of the cord. Or 
if in doing the experiment with acid just described the toes of the 
other foot are being simultaneously pinched, the response to the 
acid is delayed. Inhibition, or delay of reflex time is thus pro¬ 
duced by other sensations, which, as it were, take up the attention 
of the cord. 

This influence of the brain on the cord is also illustrated in 
man, by the fact that a strong effort of the will can control many 
reflex actions. It is, for instance, possible to subdue the tendency 
to sneeze; if one puts aocidentajly one’s hand in a flame, the 
natural reflex is to withdraw it: yet it is well known that 
Cranmer, when being burnt at the stake, held his hand in the 
flames till it was consumed. 
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After the spinal cord has been divided by injury or disease in 
the thoracic region, the brain can no l Q Og er.me ^tMa,j m bg Q Uing 
action ; hence the cord, having it, as it w ere, al_l_ its Kas 

its ^ ^ritiPb ;i; *T- inocflaaed TEuS increase of reflex irritability 
is well seen in the disease called lateral sclerosis ; here the lateral 
columns, including the pyramidal tract, become degenerated, and 
so the path from the brain to the cells of the cord is in great 
measure destroyed. In these patients the increase of reflex irr - 
tability may become a very distressing symptom, slight excita¬ 
tions, like a movement of the bed-clothes, exciting powerful con 
vulsive spasms of the legs. 

Reflex time. —In the frog, deducting the time taken in the 
transmission of impulses along nerves, the time consumed in the 
cord (reflex time) varies from o - oo8 to o - oi5 second; if the 
reflex crosses to the other side it is one-third longer. It is 
lessened by heat, and under the influence of a strong stimulus. 

Reflex Action in Man. 

The reflexes obtainable in man form a most important factor 
in diagnosis of diseases of the nervous system; each action is 
effected through an afferent sensory nerve, a system of nerve-cells 
in the cord termed the reflex centre, and an efferent motor nerve ; 
the whole constitutes what is called the reflex arc. The absence 
of certain reflexes may determine the position in the spinal cord, 
which is the seat of disease. 

Two forms of reflex action must be distinguished :— 

i- Superficial reflexes. Th ese are true reflex actions, and ar e 
ext-.jf.rwl V»y atimnlatinn of the skin. 

2. Deep reflexes or tendon reflexes . This is a most undesirable 
name, as they are no t true reflex actions. 

Superficial ^Sofi ex esT— I'llese are obtained by a gentle stimu¬ 
lation, such as a touch on the skin ; the muscles beneath are 
usually a ffected, but muscles at a distance mav be affect ed also. 
Thus a prick near the knee will cause a reflex flexion of the hip. 

The most important of these reflexes are :— 

a. Plantar reflex: withdrawal of the feet,wjien the soles are 
tickled. 

b. Gluteal reflex; a contraction in the gluteus when the skin 
over it is stimulated. 

c. Cremasteric reflex : a retraction of the testicle when the 
skin on the inner side of the thigh is stimulated. 

d. Abdominal reflex in the muscles of the abdominal wall when 
the skin over the side of the abdomen is stroked ; the upper part 
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of this reflex is a very definite contraction at the epigastrium, and 
has been termed the epigastric reflex. 

e. A series of similar reflex actions may be obtained in the 
muscles of the back, the highest being in the muscles of the 
scapula. 

f. Jn the region of the cranial nerves the most important 
reflexes are those of the eye—(i) the conjunctival reflex, the 
movement of the eyelids when the front of the eyeball is touched ; 
and (ii) the contraction of the iris, on exposure of the eye to light, 
and its dilatation on stimulation of the sTuu of tlie neck. 

Tendon Reflexes.—When the muscles are in a state of slight 
tension, a tap on their tendons will cause them-to contract. The 



two so-called tendon reflexes which are generally examined are 
the patella tendon reflex or knee-jerk, and the foot phenomenon or 
ankle-clonus. 

The knee-jerk. —The quadriceps muscle is slightly stretched by 
putting one knee over the other; a slight blow on the patellar 
tendon causes a movement of the foot forwards, as indicated in 
the dotted line of fig. 238. This phenomenon is present in 
health. 

Ankle-clonus. —This is elicited as depicted in the next figure : 
the hand is pressed against the sole of the foot, the calf muscles 
are thus put on the stretch and they contract, and if the prossure 
is kept up a quick succession or clonic series of contractions is 
obtained. This, however, is not readily obtained in health. 
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Those phenomena are not true reflexes ; the time that inter¬ 
venes between the tap and the response is so short that they 
must be due to direct stimulation of the muscles or of their 
tendons. 

Nevertheless, the idea that they are reflex is supported by the 
following facts:— 

1. There are nerves in tendon. 

2. The phenomena depend for their occurrence on the integrity 
of the reflex arc. Disease or injury to the afferent nerve, efferent 
nerve, or spinal grey matter, abolishes them. Thus they cannot 
be obtained in locomotor ataxy (damage to the posterior nerve- 



roots), or in infantile paralysis (damage to the anterior horns of 
grey matter).. 

3. They are excessive in those conditions that increase the true 
reflex irritability, such as severance of brain from cord, and in 
lateral sclerosis. 

How, then, ia it possible to reconcile these two sets of facts 1 
The explanation advanced by Dr. Gowers does so best; it is 
briefly as follows :— 

(i) The tendon reflexes are not reflexes, but are due to direct 
stimulation of the muscle itself. 

(ii) In order that the muscle may respond it is necessary that 
it be in an irritable condition ; this is accomplished by putting it 
slightly on the stretch, and so calling forth the condition called 
tonus (see p. 136), a readiness to contract on the slighest provo¬ 
cation, 

(iii) Muscular tonus depends on the integrity of the reflex arc. 
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(iv) Hence injury to any part of the reflex arc, by abolishing 
the healthy tone of a muscle, deprives it of that intensely irritable 
condition necessary for the production of these so-called reflex 
actions. 

Reaction Time in Man.—The term reaction time is applied to the time 
occupied in that complex response to a pre-arranged stimulus in which the 
brain as well as the cord comes into play. It is sometimes called the 



Fig. 240.—Reaction time. 


personal equation. It may be most readily measured by the electrical 
method, and the following diagram will illustrate one of the numerous 
arrangements which have been proposed for the purpose. 

In the primary circuit two keys A and B are included, and a chrono¬ 



graph (1), arranged to write on a revolving cylinder (fast rate). Another 
chronograph (2), marking i-iooths of a second, is placed below this. The 
experiment is performed by two persons C and D. The key A, under the 
control of C is opened. The key B, under the control of D is closed. The 
electrodes J? are applied to some part of JO’s body. C closes A. The 
primary circuit is made, and the chronograph moves. As soon as D feels 
the shock he opens B, the current is thus broken, and the chronograph lever 
returns to rest. Measure the time between the two movements of the 
chronograph (1), by means of the time tracing written by chronograph (2). 
It usually varies from o - i 5 to o - 2 second, but is increased in :— 

The Dilemma .—The primary circuit is arranged as before. Lead the 
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wires from the secondary coil to the middle screws of a roverser without 
cross wires. To each pair of end screws, attach a pair of electrodes E and 
E, applied to different parts of Z)’s body (Fig. 241). 

Arrange previously that D is to open B, when one part is stimulated, but 
not the other, C adjusting the reverser unknown to 1 ). Under these cir¬ 
cumstances the reaction time is longer. 

The reaction time in response to various kinds of stimuli, sound, light, 
pain, etc., varies a good deal; the condition of the subject of the experiment 
is also an important factor. This, however, is really a practical branch of 
psychology, and has recently been much worked at by students of that 
s.cience. 

i Speoial Centres in the Cord. —In addition to the general function of 
reflex aetion, the grey matter also exercises control of certain special 
actions. A full consideration of each will be given in the proper place, but 
the principal centres of this kind may be enumerated as follows :— 

‘' Qtl io-iipina l centre ; this centre “controlling the dilatation of the pupil is 
situated in tKe~lcarcr. cervical region, reaching as far down as the origin of 
.the first to the third thoracic nerve. 

' l Centres for defalcation, mic turition^erectio n, and parturition, are situated 
in the lumbar'enTargeinenl of tEe”cord. 

Subsidiary v aso-moto r cod res are scattered through the grey matter, the 
principal vaso-motor centre being situated in the bulb. 


CHAPTER XXIV. 

FUNCTIONS OF THE CEREBRUM. 

The brain is the seat of those psychical or mental processes 
which arp ?"]fftrf nn d • volition. ia—the 

s hirting p o int .the^fioal,ptose 

of sensoryini pressiotm. 

In the days of the ancients very curious ideas prevailed as to 
the use of the brain. It is true that Alkmaon as early as 580 B.c. 
placed the seat of consciousness in the brain, but this view was 
of the nature of a guess, and did not meet with general accept¬ 
ance ; and two hundred years later Aristotle considered that the 
principal use of the brain was to cool the hot vapours rising from 
the heart. At this time the seat of mental processes, especially 
those of an emotional kind, was supposed to be in the heart, an 
idea now confined to poets, or in the bowels, as those acquainted 
with such ancient writings as the Bible will know. 

As time wont on truer notions regarding the brain came to the 
fore; thus Herophilus (300 b.c.) was aware of the danger attend¬ 
ing injury to the medulla; Aretseus and Cassius (97 a.d.) knew 
that injury to oue side of the brain produced paralysis of the 
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opposite side of the body, and Galen (131—203A.D.) was acquainted 
with the main motor and sensory tracts in brain, and cord. Be¬ 
tween that time and this, most of the celebrated anatomists have 
contributed something to our knowledge, and one may particularly 
mention Yesalius, Sylvius, Kolando, Gall, Carus, Willis, and 
Burdach; many of these names are familiar because certain 
structures in the brain to which they called attention have been 
christened after them. The erroneous notion that the brain was 
not excitable by stimuli lasted even to the days of Flourens and 
Magendie. In modern times, new methods of research in the 
microscopic and experimental direction have produced results 
which perhaps in no other branch of physiology have been of 
such immediate benefit to the human race as those in connection 
with the brain. 

Effects of Removal of the Cerebrum. 

When the cere bral hemispheres are removed in a frog, it is 

dgP^*iv^*^ -XiOJtaaioUJST>s ; it remains perfectly 

qmes&j'nT*unless stimulated; it is en tirely devoid of initiato ry 
power, but as we have already seen, it will cxeeutcTreflex actions 
many of which are of a complex nature (see p. 249). 

A pigeon treated in the same way remains perfectly motionless 
and unconscious unless it is disturbed. When disturbed in any 
way it will move, for instance, when thrown into the air it will 
fly; but these movements arc, as in the frog, purely reflex in 
character. 

Jn-mammals the operation of extirpation of the brain is attended 
with such severe haemorrhage that the animal dies very rapidly, 
but in some few cases where the animal has been kept alive, the 
phenomena they exhibit are precisely similar to those shown by a 
frog or pigeon. In the case of the dog portions of the cortex 
have been removed piecemeal by Goltz of Strasburg, until at last 
nearly the whole of the cortex has been extirpated. Such animals^ 
strangely enough, carry out co-ordinated movements very wellj 
and even manifest some degree of intelligence. It appears there¬ 
fore, that in the dog, there is not so much localisation of function 
as in animals higher in the scale, and that the portions of the 
brain that are left are able to take on to some extent the functions 
of those which have been removed. 

Localisation of Cerebral Functions. 

When the main function of the cerebrum was understood, 
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physiologists were divided into two schools ; those who thought 
that the brain aoted as a whole, and those who thought that 
different parts of the brain had different functions to perform. 
One of the most prominent of the first school was FlpurenSj-and 
Goltz, whose work has been done chiefly on dogs, is about the 
only prominent living survivor of this Bet of physiologists. 
Gradually as better methods have come in, and especially since 
monkeys have been use for experiment, those who believe in the 
localisation of function have multiplied; and now, localisation of 
cerebral function is more than a theory, it is an accepted fact. 
Perhaps the best practical evidence of this is the fact that experi- 
m ents on monkeys have been taken as the basis for sur gical 

eF'^rcc^c^ . ^ 

The earliest to work in the direction oftocal isation were 
Hitzig and Fritsch. The subject was then taken up by Ferrier 
and Yeo, and later by Schafer, Horsley, etc., in this country, and 
by Munk and many others in Germany. In addition to those who 
have studied the matter from the experimental standpoint, must 
also be reckoned the work of pathologists, who in the post-mortem 
room have examined the brains of patients dying from cerebral 
disease, and carefully compared the position of the disease with 
the symptoms exhibited by the patients during life. In this way 
two series of independent investigations have led to the same 
results ; both methods are essential, as many minor details dis¬ 
covered by the one method correct the erroneous conclusions which 
are apt to be sometimes drawn by those who devote their entire 
attention to the other. 

The main point which these researches have brought out is the 
o verwhelming onrtiur : i t contain^ the highest 

cerebral centr es. Before Hitzig began his work, the corpus 
striatum was regarded as the great motor centre, and the optic 
thalamus as the chief centre of sensation ; very little note wits 
taken of the cortex, it appears to have been almost regarded as a 
kind of ornamental finish to the brain. The idea that the basal 
ganglia were so important arose from the examination of the 
brains of people who had died from, or at least suffered from, 
cerebral hsemorrhage. 

The most common situation for cerebral haemorrhage, is either 
in the region of the co rpus str iatum or ^ptic- thalam us ; it was 
noticed that motor paralysis was the most marked symptom if 
the corpus striatum was injured, and sensory paralysis if the 
optic thalamus was injured. The paralysis, however, is dim, not to- 
injury of the basal ganglia, but of the neighbouring internal capsule. 
The internal capsule consists in front of the motor-fibres passing 
k.p. ‘ - s 
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down from the cortex to the cord, and behind of the sensory 
fibres passing up from cord to the cortex in front. Hence, if these 
fibres are ploughed up by the escaping blood, paralysis naturally 
is the result. If a haemorrhage or injury is so limited as to affect 
the basal ganglia only, and not the fibres that pass between them, 
the resulting paralysis is slight or absent. 

The question will next be asked : What, then, is the function 
of the basal ganglia ? They are what we may term subsidiary 
centres; the corpus striatum, principally in connection witli move¬ 
ment, and the optic thala mus , in connection with sensation, and 
especially with, the sense of vision as its name indicaTes. 

A subsidiary centre may be compared to a subordinate official 
in an army. The principal centre may be compared to the 
commander-in-chief. This highest officer gives a general order 
for the movement of a body of troops in a certain direction ; wo 
may compare this to the prhlffiipfil , cortex 

sending out an impulse for the movements of the nmsclgs of a 
limb! Hut the general does not give the order himself to each 
individual soldier, any more than the cerebral cortex does to each 
individual muscle; but the order is first given to subordinate 
officers, who arrange exactly how the movement shall be executed, 
and their orders are in the end distributed to the individual men, 
who must move in harmony with their fellows with regard to 
both time and space. So the subsidiary nerve-centres or positions 
of relay enable the impulse to be widely distributed by collaterals 
to numerous muscles which contract in a similar orderly, har¬ 
monious, and co-ordinate manner. The subject of muscular 
co-ordination we shall consider at greater length in the next chapter 
on the functions of the cerebellum. 

There is just the same sort of thing in the reverse direction in 
the matter of sensory impulses. Just as a private in the army, 
when he wishes to communicate with the general, does so through 
one or several subordinate officers, so the sensory impulse passes 
through many cell-stations or subsidiary centres on the way to 
the highest centre where the mental process called sensation, that 
is, the appreciation of the impulse, takes place. 

There are two great experimental methods in determining the 
function of any part of the cerebrum. ir rtimnlnfii— ; 

the se cond is extirpation . These words almost explain them¬ 
selves ; in stimulation a weak interrupted induction current is 
applied by means of electrodes to the convolution under investi¬ 
gation, and the resulting movement of the muscles of the body, 
if any occurs, is noticed. In extirpation the piece of brain is 
removed, and the resulting paralysis if any, is observed. 
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By such means the cortex has been mapped out into what we 
may provisionally term motor areas, and sensory areas. 

MotoY tR!Vtia. ,mm <fj4u>i'ulution of these produces movement of 
some pa rt of the opposite side of the~^ ody > f”SniltaTIWl 1 PT'Tlie 
same spot "is always followed by the same novement in the same 
animal. In different animals excitation of anatomically corre¬ 
sponding spots produces similar or corresponding results. It is 
this which has enabled one to apply the results of stimulating 
areas of the monkey’s brain to the elucidation of the function of 
the similar brain of man. 

Extirpation, or removal, of these areas produces paralysis 
of the same muscles which are thrown into action by stimulation. 

Sensory areas.— Stimulation of these produces no direct 
movements, but doubtless sets up a sensation called... a, subject ive 
s ensat ion ; that is, one produced in the animal’s own brain, and 
this indirectly leads to movements which are reflex ; thus on 
stimulating the auditory area there is a pricking up of the ears ; 
on stimulating the visual area there is a turning of the head and 
eyes in the direction of the supposed visual impulse. That such 
movements are reflex and not direct is shown by the long 
period of delay intervening between the stimulation and the 
movement. 

Extirpation of a sensory area leads to loss of the sense in 
question. 

The rougher experiments performed by nature in the shape of 
diseases of the brain produce corresponding results. 

Some diseases are of the nature of extirpation. 

An instance of this is cerebral hamiorrhage. If the hfemorrhage 
is in the region of the internal capsule, it cuts through fibres to 
the muscles of the whole of the opposite side of the bodyTas IlTey 
are all collected together in a narrow compass, and the condition 
obtai ned is called hemiplegi a. The varieties of hemiplegia are 
numerous, according' 1 as motor or sensory fibres are most affected, 
and in one variety of hemiplegia, called crossed hemiplegia, the 
face is paralysed on one side of the body, the limbs on the other; 
this is due to injury of the nerve-tracts in the bulb subsequent to 
the crossing of the fibres to the nucleus of the seventh nerve, 
but above the crossing of the pyramids (just below the asterisk in 
fig. 251). 

If now the haemorrhage occurs on the surface of the brain, a 
much more limited paralysis, called monoplegia^ is the r esu lt; if 
the arm area is affected, there will be paralysis of the opposite 
arm; if the leg area, of the opposite leg; if a sensory area, there 
will be loss of the corresponding sense. 

s a 
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Some diseases, on the other hand, act as the induction currents 
do in artificial stimulation ; they irritate the surface of the brain; 
such a disease is a tumour growing in the membranes of the 



S 


Fig. 243. 

Figs. 242 and 243.—Brain of dog, viewed from above and in profile. F, frontal Assure 
sometimes termed crucial sulcus, corresponding to the fissure of Bolando in rnsn. 
S, fissure of Sylvius, around which the four longitudinal convolutions are concentrically 
■ arranged; x, flexion of head on the neck, in the median line; 2, flexion of head on the 
neck, with rotation towards the side of the stimulus; 3, 4, flexion and extension of 
anterior limb ; a 5, 6, flexion and extension of posterior limb ; 7, 8, 9. contraction of 
orbicularis oculi, and the facial muscles in general. The unshaded part is that exposed 
by opening the skull. (Dalton.) 
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brain ; if the tumour irritates a piece of the motor area, there will 
be involuntary movements in the corresponding region of the 
body ; these move¬ 
ments may culmi¬ 
nate in the pro¬ 
duction of epilep¬ 
tiform convulsions 
commencing in the 
arm, leg, or other 
part of the body 
which corresponds 
to the brain area 
irritated. It is 
these cases of 
“ Jacksonian Epi¬ 
lepsy ” which have 
given the best re- Fig ' 244 ' 

suits in surgery ; 

the brain to show the 245 

areas we have been speak- Figs. 24.1 and 245.—Diagrams of monkey’s brain 
in«r of to show the effects of electrio stimulation of 

6 ’ certain spots. (According to Ferrier.) 

rig. 242 is a view of 

the dog’s brain. It is convenient to take this first because it was 
the starting-point of the experimental work on the subject in 
the hands of Hitzig and Fritsch. If the text beneath the figure is 
consulted, it will be seen that the motor areas, manned out hv the 


Fig. 245 - 

Figs. 244 and 245.—Diagrams of monjeey’s brain 
to show the effects of electrio stimulation of 
certain spots. (According to Ferrier.) 
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method of stimulation, are situated in the neighbourhood of the 
crucial sulcus , which corresponds to the fissure of Rolando in man. 

Coming next to the brain of the monkey, figures 244, 245 
are reproductions from Ferrier. He marked out the surface into 
a number of circles, stimulation of eacli of which produced mover, 
ments of various sets of muscles, face, arm, and lee from belowl 
upwards ; extirpation of these same areas produced the corre-'j 
sponding paralysis. It will be further noticed that these areas 
are all groupe d around the fissure, of Rolan do, particularly in the 
ascending frontal and ascending parietal convolutions; hence 
the term Rolandic area which is often applied to this region of 
the brain. - ' 

’These facts, however, are of principal interest because of their 
application to the human brain, to which we now pass. The 
following maps of the human brain were prepared from data 



Fig. 246.—Right cerebral hemisphere, outer surface. 


partly derived from the examination of the monkey’s brain, and 
partly from the post-mortem examination of human brains in cases 
of brain disease. Fig. 246 shows the outer surface of the right 
cerebral hemisphere with the names of the principal convolutions 
and fissures inserted. Fig. 247 gives the corresponding -surface 
of the left hemisphere with the principal motor and sensory areas 
marked. Fig. 248 shows the mesial surface of the right hemi¬ 
sphere with the names of the convolutions and fissures. Fig. 249 
gives the corresponding surface of the left hemisphere with the 
functional areas marked. 

Motor areas of the Human Brain. —Roughly, these occup y 
the s o nrn l ntio ns around the fissure of Rolando, a n d turn over t he 
nispEenTinto the: 


surface s from below, up and backwards. we”Tiave*~lTmareas for 
the head, arm, and leg in the order named. More accurately the 
areas are as follows:— 
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Head, neck, and face: lower two-thirds of the ascending frontal, 
bases of the lower and middle transverse frontal, a small piece 
reaching the front of the motor region in the marginal of the 
mesial surface. 



% Fife'. 247.—Left cerebral hemisphere, outer surface. 




Fig. 249.—Left cerebral hemisphere, mesial surface. 
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, Upper limb : upper third of the ascending frontal, the base of 
the upper transverse frontal, the ascending parietal (where the 

contF©s- of -haxid- axid.wrist , are situated), and the piece of the 

marginal behind the head-centre. 

Lower limb : the parietal lobule, and the posterior part of the 
marginal. 

Trunk: the marginal between the leg and arm areas. 

The next diagram (fig. 250) shows the relative position of the 
several motor-tracts in their course from cortex to crus, according 
to Dr. Gowers. 



Fig. 250.—Diagram to show the relative positions of the several motoi; tracts in their 
course from the cortex to the crus. The section through the convolutions is vertical; 
that through the internal capsule, I, C, horizontal; that through the crus again 
vertical.' C, N, caudate nucleus; O, TH, optic thalamus; 1.2 and I..), middle and 
outer part of lenticular nucleus; f, a, l, face, arm, and leg fibres. The words in 
italics indicate corresponding cortical centres. (Gowers.) 

The following diagram shows a vertical section through the 
brain, and enables one to trace the motor-tracts- to the nucleus 
of the seventh or facial nerve of the opposite side, and to the 
pyramidal tracts of the spinal cord. In this and in the preceding 
figure the letterpress underneath them should be carefully con¬ 
sulted. 

The marginal convolution was first investigated by Schafer and 
Horsley, and to them belongs the credit of discovering the centre 
for the trunk muscles. If one marginal convolution is removed 
in an animal, there is much more marked paralysis of the opposite 
limbs than of the trunk ; if the ttoo marginal convolutions are 
removoji, there is very complete paralysis of the trunk as well as 
of the limbs. In cases of hemiplegia in man, there is usually 
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very little paralysis of the trunk muscles. I t is the muscles 
"/"-nr^HY unilaterally that are moat paralysed . The 
mugcka.olthe trunk alwava normally move bilaterally; thus we 
use both sides of our chest in breathing; both sets of back 
muscles in maintaining an .erect position, and so on. The spinal 
centres of the muscles of the two sides are, no doubt, connected 



C.P.T.- 


D.P.T. 


1* iff. 251. Fibres are aeon passing from the cortex of the Kolandic area through the corona 
rauiata to the internal capsule (I.O.) ; a few uollatcrals to the corpus callosum (C.C.) 
are also put in. I.lt., island of lteil; Cl., claustrum; O.T., optic thalamus; 
( .N., caudate nucleus; L.N., lenticular nucleus. The asterisk indicates the place of 
decussation of the face fibres to VII., the nucleus of the seventh nerve. C.P.T., 
crossed pyramidal tract; D.P.T., direct pyramidal tract. 


by commissural fibres, and therefore can be affected from both 
sides of the brain . 

The Speech centre .—This is surrounded by a dotted circle in 
fig- 247. There are other centres concerned in speech besides 
this, but this is the centre for the muscular actions cnnnemwi in 
s peech. The discovery of this centre was the earliest feat in 
the direction of cerebral localisation. It was discovered by a 
French physician named Broca; he noticed that patients who died 
after haemorrhage in the brain, but who previous to death ex¬ 
hibite d a curious; disorder of speech called aphas ia, were fo und, 
after death, to have the seat* of The hmmorrhage*m this convolu¬ 
tion. The convolution is generally called Broca’s cnrnnnl.ii.ti.fv iL. 
Experiments on animals are obviously useless in discovering the 
centre for speech. 

The most curious fact about the speech-centre is that it is 
unilateral; it is situated only on the left side of the brain, except 
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injfiffchandfid. people, where it ison-i he rig ht. We are thus 
left-brained so far as the finer movements of the hand-muscles 
are concerned, and we are also left-brained in regard to speech, an 
action which is apparently bilateral. 

The Sensory areas of the Human Brain. —These are much 
less accurately mapped out than the motor areas. Roughly 
speaking, they are si tuated behind the. motor areas. 

T he v i sual area is situated in the occipital lobe, and th e an¬ 
gul ar gyru s. Dr. Gowers,~bn clinical grounds, regards the angu lar 
gyrus as the higher psychical centre for vision, and corresponds 
to the opposite eye. But experimentally we know much more 
about the relationship of the occipital lobes to vision. Extirpa¬ 
tion of one occipital lobe in an animal, or disease of that lobe in 
man, produces blindness of the same side of each retina; this 
condition is called hemumojujifa 

If, for instance, t 5 ? nghW >cci|fitAl lobe is rerggynd, the result 
is blindness of the temporal half of the right retina, and the nasal 
half of the. left retina, leading to an inability to see things in the 
left half of^the field of vision :~~the amnial turns its bead and eyes 
to the same side as the lesion, or in technical language there is 
conjugate deviation of haadjjauLsyw-ixr-the right. 

Stimulation ofth e visual., area (and this is true for both the 
occipital lobe and the angular gyrus) leads, no doubt, to a sub¬ 
jective visual sensation of the corresponding halves of the two 
r etin ae. Suppose the right visual area is stimulated, the subjec 
tive sensation will be on the right halves of the retinae; the 
animal therefore imagines light is falling on its eyes from the left 
and so there is conjugate deviation of the head and eyes to the left; 
that is v the opposite side to that stimulated. 

The auditory area was_loc alised by E arn er ip the sppgrior 

t emporo-sphen oidal convolution. But there is considerable doubt 
whether this is correct; it is so much more difficult to tell when 
an animal is deaf than when it is blind. Similar uncertainty 
exists as to the situations for taste ^ucA smell. No doubt they are 
closely connected, and they have been placed provisionally in the 
uncinate convolution— a nd tip ..of. thft temporo-sphehoidal lobe. 
The large size of these parts in animals with a keen sense of smell 
lends support to this idea. 

Tactile sensibility wail. localised by Schafgr in the-limhlQ lofae , 
but there is so much doubt about this, that a query is placed 
after the words “ tactile sense,” in the gyrus fomicatus in fig. 
249. 

Munk’s view, supported in this country by Bastian, Mott, and 
numerous others, is that the sensory fibres from the skin and 
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muscles terminate in the Rolandic area; and the histological 
researches of Golgi and Ramon y Cajal (see figs. 229 and 232) 
point to the same conclusion. This is, in fact, what one would 
expect, volition and consciousness are associated together so elosely 
physiologically, that anatomically we should expect to find the 
commencement of the volitional fibres contiguous to the termina¬ 
tions of the sensory fibres. That this is really the case has been 
shown by a careful examination of the sensation in animals in 
which the Rolandic area has been removed, and in eases of hemi¬ 
plegia in man. The most delicate test is to place a clip on the 
fingers or toes, taking care the animal does not see the clip put 
on. If there is loss of tactile sensibility the monkey either takes 
no notice at all of the clip or removes it after a long delay. 
Whereas if sensation is perfect the monkey at once seizes the 
clip and flings it away. It is found that the intensity of both 
the motor and sensory paralysis are directly proportional to each 
other. Hence the term motor area which we have been provi¬ 
sionally employing for the Rolandic area, should be replaced by 
the more correct term sensori-motor area. 

The question will then be asked, what is the f unction of the 
gyrus-fomicatus ; on removal of this convolution ther e certalnTy 
is~loBs ~of~scnsa.tion ; this has been explained by the fact that on. 
removing this area of grey matter it is almost impossible to avoid/ 
injury to the white matter beneath it, and thus there will be loss\ 
of function due to division of the fibres on the way to the mar¬ 
ginal convolution, which is like the Rolandic area, sensori-motor 
in function. 

It is, however, quite possible that the gyrus fomicatus has 
something to do with sensation. The term tactile sense is a~very' 
general one ; it really includes the true sense of touch from the 
skin, the muscular sense, general sensibility, the sensation of pain, 
and the sensations of heat and cold. It is the first two (true 
tactile sense, and the muscular sense) which are so important in 
the regulation of the resulting muscular movements. The others 
probably go by a different channel to the brain (see p. 248), and 
probably a different destination, it may be the limbic lobe, in the 
brain. 

On referring once more to the maps of the brain, it will be 
seen that there is a large blank in the anterior part of the frontal 
region. This is left blank because its function is absolutely un¬ 
known. Extirpation or stimulation of this part of the brain in 
animals produces no appreciable result. It has also been removod 
accidentally in man, as in the celebrated American crowbar acci¬ 
dent ; owing to the premature explosion of a pharge of dynamite 
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in one of the American mines, a crowbar was sent through the 
frontal region of the foreman’s head, removing the anterior part 
of his brain. He, however, recovered, and no noteworthy symp¬ 
toms were observed in him during the rest of his life. He, indeed, 
returned to his work as overseer of the mine. 

The large size of this portion of the brain is very distinctive of 
the human brain, and it has therefore been supposed that here 
is the seat of the intellectual faculties. This may be so, but 
experimental physiology lends no support to this view, as the 
sensory centres (and sensations are the materials for intellect) are 
situated behind or within, and not in front, of the Rolandie area. 


Degeneration Trade after Injury of the Rolandie Area. 

After our long study of the motor tracts in the central nervous 
system, it might seem unnecessary to recapitulate the cause of 
the degenerated tracts which are produced by injury to the 



Fig. 252.-Degeneration after destruction of the Itolandic area of the right hemisphere. 

(After Gowers.) 


Rolandie area. Repetition in connection with this important 
subject, however, calls for no apology, and the above diagram 
will put the matter in rather a fresh light. The shaded area in 
each case represents the injured or degenerated material; a in 
the cortex, b in the anterior part of the internal capsule, c in the 
middle of the crusta of crus and mid-brain, D in the pyramidal 
bundles of the pons, s in the pyramid of the bulb, and f in the 
crossed and direct pyramidal tract of the cord. 
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CHAPTER XXV. 


FUNCTIONS OF THE CEREBELLUM. 


In past times there have been several views held as to the 
functions of the cerebellum. One of the oldest of the se, wa s the 
idea that the cerebellum was associate(T"wrOi the fu nction of 
{ feneration. : another view, first promulgated by Willis, was that 
thc cCTebelliLm contai ned they centr efi.whjoh reirnlate tlm.liuxctmns 
of organic lifeTTKIs' arose from the circumstance that diseases 
of the"cereb'ellurn are often associated with nausea and vomiting; 
it is a familiar fact that in displacements of equilibrium such as 
occur on board ship in a rough sea, or in the disease called 
Meniere’s disease, sickness is a frequent result; it appears from 
this that the cerebellum docs receive from or send to the viscera cer¬ 
tain impulses. The third and last of these older theories was 
that the cerebellum wax the nent™ ,, This arose 

from the fact that certain of the afferent channels of the spinal 
cord were traced into the cerebellum. The impulses that travel 
along these, however, though afferent, are not truly sensory, 
and their reception in the cerebellum is not associated with 
consciousness. 

The true function of the cerebellum was first pointed out by 
Flourens . and our- knowledge about it has not advanced much 
■fifohi the condition ‘in whieh Flourens left it. He showed tha' 


the cerebellum is the great centre for the 


sjipmtMji 




v VhWrriB calleu s r l ,1 iliillTntiin*‘ is, the harmonious adjustment 1 

of file" working ' of the muscles which maintain the body in a 
position of equilibrium. 

It must not be supposed from this that the cerebellum is the 
s ole centre for co-ordinatio n. We have already seen that all the 
machinery necessary for carryin^out. very complicated locomotive 
movemenU is ^ present in. the spinal cord. The higher centres set 
this machinery going, and the work of arranging what muscles 
are to act, and in what order, is carried out by the whole of the 
grey matter from the_x^t£pom~4»t)4ata to the end of the spinal 
cord, including such outgrowths as the corpora quadrigemina and 
cerebellum. An instance of a complex co-ordinated movement is 
seen in what we learnt to call in the last chapter conjugate 
deviation of head and eyes. The higher cortical centre gives the 
general word of command to turn the head and eyes to the right: 
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the subsidiary centres or subordinate officials arrange that this 
is to be accomplished by the external rectus of the right eye 
supplied by the right sixth nerve, the internal rectus of the left 
eye supplied by the left third nerve, and numerous muscles of 
neck and back of both sides supplied by numerous nerves. We 
thus see how the complicated intercrossing of fibres and connec¬ 
tions of the centres of the various nerves are brought into play. 

The functions of the cerebellum are investigated by the same 
two methods of experiment (stimulation and extirpation ) that are 
employed in similar researches on the cerebrum. The anatomical 
connections of the cerebellum with other parts of the cerebro¬ 
spinal axis have been chiefly ehicidated by the degeneration 
method. Each side of the cerebellum has three peduncles ; the 
mperior peduncle connecting it to the opposite hemisphere of the 
cerebrum, the inferior peduncle connecting it to the same side of« 
the spinal cord, and the middle peduncle contains fibres which 
link the two halves of the cerebellum together in a physiological 
though not in an anatomical sense. The inferior peduncle termi¬ 
nates in the vermis ; in some of the lower animals the vermis 
is practically the only part of the cerebellum which is present, 
and it is this part of the cerebellum which is. .priacipadljc^ftn- 
ccrned in the co-ordination of the bodily movements. The cere¬ 
bellar hemispheres are especially connected with the opposite 
cerebral hemispheres; and possibly iustaa. the different regions 
of the .body. have corresponding areas in. the cerebrum, ao„also 
they are similarly represented in the cerebellum; but localisation 
of function in the cerebellum has not gone sufficiently far yet to 
make this a certainty. 

After hemi-extirpation, degeneration occurs in the peduncles of the same 
aide ; there are, therefore, no commissural fibres that actually pass from 
one hemisphere to the other. In the superior peduncle, the degenerated 
fibres pass chiefly to the tegmental nucleus of the opposite side, but partly 
to that of the same side ; in other words, the decussation of these peduncles 
in the mid-brain is not complete. Some fibres are traceable to the optic 
thalamus. The middle peduncle is completely degenerated as far as the 
raphe, where they intermingle with the fibres from the opposite side. The 
inferior peduncle was stated by Luciani and Marchi to be also degenerated, 
and these observers traced the fibres down into the cord. But their state¬ 
ments have not been confirmed by the most recent and careful work of 
Ferrier and Risien Russell. In other words, we are entirely ignorant of any 
fibres passing out from the cerebellum to the cord (hence the use of a dotted 
line in figure 232 ); if they do exist their course has yet to be discovered. 
Some degenerated fibres in the inferior peduncle have been traced to the 
opposite lower olivary body which completely atrophies. 

* » 

\ 

If the cflrebelIum-- ~rB- removed in an anirpal, or, if it is \ 
the’seat bT’taSeffiS® in man, ~tKeHr§&uIE*''Ts a condition of slight j 
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muscular weakness; but the principal symptom observed is 
incoordination, chiefly evidenced by a staggering gait similar 
to that observable in a drunken man. It is called cerebellar 
ataxy. 

In order that the cerebellum may duly execute its function of 
equilibration it is necessary that it should send out impulses ; 
this it does by fibres that leave its cells and pass out through its 
peduncles; they pass out to the 
opposite cerebral hemisphere, and 
so influence the discharge of 
the impulses from the cortex of 
the ■ cerebrum. It is quite pos¬ 
sible that impulses pass out to 
the ^cord (see dotted line in fig. 

232), but we are entirely igno¬ 
rant of their course if they do 
exist. The degeneration method 
has not led to their discovery. 

The only way of which we have 
any certain knowledge by means 
of which the cerebellum influ¬ 
ences the motor discharge is as 
an elaborate cell station on the course of sensory impulses to 
the cerebrum. 

The cerebellum th us acts upon t he muscles of the same si de 
of the body in^^ qpjnmitiprTwT th the cerebral hemispheres of the 
o pposite side. The close inter-relation of one cerebral with the 
opposite cerebellar hemisphere is shown in cases of brain disease, 
in which atrophy of one cerebellar hemisphere follows that of the 
opposite cerebral hemisphere (see fig. 253). 

In order that the cerebellum may send out impulses in this 
way, it is necessary that it receive impulses which guide it by 
keeping it informed of the position of the body in space. These 
afferent impulses are of four kinds, namely :— 

1. Tactile. 3. Visual. 

2. Muscular. 4. Labyrinthine. 

We will take these one by one :— 

1. Tactile impressions .—The importance of impulses from the 
skin is shown in those diseases of the sensory tracts (especially 
locomotor ataxy) where there is anaesthesia of the soles of the 
feet. In such cases the patient cannot stand with hia A-gaa ah»t 
The same effect may be produced experimentally by freezing the 
soles of the feet. 

Again, if the skin is stripped from the hind limbs of a brain- 



Fiff. 253.—ThiB is a reproduction of a 
photograph of a lunatic’s brain lent 
me by Dr. Fricke. One cerebral and 
the opposite cerebellar hemisphere 
are atrophied. 



272 FUNCTIONS OF THE CEREBELLUM. [OH. xxv. 

less frog, it is unable to execute such reflex actions as olimbing 
an inclined plane, which it can do quite well when the skin is 
uninjured. 

2. Muscular impressions .—Quite as important as the tactile 
sense from the skin is the muscular sense, the sense which 
e nables us to-know what we are doing with our musc les. We 
havei hitherto chiefly spoken of the muscular neryes as being motor; 
they.. aIso contain sensory fibr es; these pass from the muscles, 
and theiFtendons to the posterior roots of the spinal nerves, and 
the impulses ascend the sensory tracts through cord and brain to 
reach the cerebellum and the Rolandic area. In some cases of 

lofcomotor ataxy there is little or 
no loss of tactile sensibility, and 
the condition of inco-ordination 
is then due to the loss of the 
muscular sense. 

3. Visual impressions. — The 
use of vJjAiial— impj^§,sifiua_...ni. t 
guiding the nemma. ..centres. Jor 

is seen in t hose cases of locomoto r 
ataxy where t here is loss of euu i- 
wfaftn the patient closes 
his eyes. Destruction of the eyes 
in animals often causes them to 
spin round and lose their balance. 
The giddiness experienced by 
many people on looking at 
moving water, or after the onset 
of a squint, or when objects are 
viewed under unusual circum¬ 
stances, as in the ascent of a 
mountain railway, is due to the 
same thing. The import ance o f 
keeping one’s eyesopen is brought 
home to one very forcibly .when 
position, as along the edge of. a 
precipice, where an upset of the equilibrium would be attended 
with serious consequences. 

4. Labyrinthine impressions .—These are the most important 
of all; they are the impressions that reach the central nervous 
system from that part of the internal ear called the labyrinth. 
Here, however, we must pause to consider first some anatomical 
facts in connection with the semicircular oanals that make up the 



Fig. 254.—Right boar labyrinth, viewed 
from the outer side. The specimen 
here represented is prepared by sepa¬ 
rating piecemeal the looser substance 
of the petrous bone from the dense 
walls which immediately enclose the 
labyrinth. 1, the vestibule; 2, fen¬ 
estra ovalis; 3, superior semicircular 
canal; 4, horizontal or external canal; 
5, posterior canal; *, ampullsB of the 
semicircular canals; 6, first turn of 
the cochlea; 7, second turn; 8, apex ; 
9, fenestra rotunda. The smaller 
figure in outline below shows the 

natural size. (Summering.) 


one is walking in a perilous 
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labyrinth. Fig. 254 is an external view of the internal 
ear ; it is enclosed within the petrous portion of the temporal 
bone ; and consists of three parts—the vestibule (1), the three 
semicircular canals (3, 4, 5) which open into the vestibule, and 
the tube, coiled like a shell, called the cochlea (6, 7, 8). The 


cochlea. isJfche part of the appa ratus whic h.is,,, concerned. in... the 

reception of auditory impressions ; it is su pp lied, by the cochlear 
division of the e ighth or audito ry nerve. The remainder of the 


intemah ear is concerned not in hearing, but injt 
the impressions w p are nmg utndying Within the vestibule are 
two chambers made of membrane, called the utricle and the 
saccule ; these communicate with one another and with the canal 



Fife- 255.—Section of human semicircular canal. 

1, bone; 2, periosteum; 3.3, fibrous bands connecting the periosteum to 4, the outer 
fibrous coat of the membranous canal; 5, tunica propria ; 6, epithelium. 

of the cochlea. Within each bony semicircular canal is a mem¬ 
branous semicircular canal of similar shape. Each canal is filled 
with a watery fluid called endolymph, and separated from the 
bony canal by another fluid called perilymph. Each canal has a 
swelling at one end called the ampulla. The membranous 
canals open into the utricle; the horizontal canal by each of its 
ends; the superior and posterior vertical canals by three openings, 
these two canals being connected at their non-ampullary ends. 

Fig. 255 shows in transverse section the way in which the 
membranous is contained with ip the bony canal; the membranous 
canal consists of three layers, the outer of which is fibrous and 
continuous with the periosteum that lines the bony canal; then 
comes the tunica propria , composed of homogeneous material, and 

K.P. T 



2/4 FUNCTIONS OF THE CEREBELLUM. [CH. xxv. 

thrown into papilloe except just where the attachment of the 
membranous to the bony canal is closest; and the innermost 
layer is a somewhat flattened epithelium. 

At the ampulla there is a different appearance ; the tunica, 
propria is raised into a hillock called the crista acustica (see 
fig. 256) ; the cells of the epithelium become columnar in shape, 
and to some of them fibres of the auditory nerve pass, arborising 
round them ; these cells are provided with stiff hairs, which pro¬ 
ject into what is called the cupula , a mass of mucus-like material 
containing oboliths or crystals of calcium carbonate. Between 



Fig. 256.- Section through the wall of the ampulla of a semicircular canal, passing 
through the crista toustioa. 1, epithelium: 2, tunica propria; 3, fibrous layer of 
canal; N, bundles of nerve fibres; C, cupula, into which the hairs of the hair-cells 
project. 


the hair-eells are fibre-cells which act as supports (fig. 257). When 
the endolyrnph in the interior of the canals is thrown into vibra¬ 
tion, the hairs of the hair-cells are affected, and a nervous impulse 
set up in the contiguous nerve, which carry it to the central 
nervous system. 

The walls of the saccule and utricle are similar in composition, 
and each has a similar hillock, called a macula, to the hair-cells 
on which nerve-fibres are distributed. 

The macula of the utricle and the crista 1 of the superior and 
horizontal canals are supplied by the vestibular division of the 
eighth or auditory nerve. The macula of the saccule and the 
crista of the posterior canal are supplied by a branch of the 
cochlear division of the same nerve. 

When these canals are diseased in man, as in Meniere’s disease, 
there are disturbances of equilibrium ; a feeling of giddiness, 
which may lead to the patient’s falling down ; this is associated 
with nausea and vomiting. In animals similar results are pro- 
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<Uiced, and the subject lias been chiefly worked out oil birds by 
Flonrens, where the canals are large and readily exposed, and 
more recently in Ashes by Lee. 

Thus if the horizontal canal is divided in a pigeon, the head is 
thrown into a series of oscillations in a horizontal plane, which 
are increased by section of the corresponding canal of the opposite 
side. After section of the 
vertical canals, the forced move¬ 
ments are in a vertical plane, 
and the animal tends to turn 
somersaults. 

“ When the whole of the 
canals are destroyed on both 
sides the disturbances of equi¬ 
librium are of the most pro¬ 
nounced character. (Jolt/, de¬ 
scribes a pigeon so treated 
which always kept its head with 
the occiput touching the breast, 
the vertex directed downwards, 
with the right eye looking to 
the left and the left looking 
to the right, the head being 
incessantly swung in a pen¬ 
dulum-like manner. Cyon says 
it is almost impossible to give 
an idea of the perpetual move¬ 
ments to which the animal is 
subject. It can neither stand, nor lie still, nor fly, nor maintain 
any Axed attitude. It executes violent somersaults, now forwards, 
now backwards, rolls round and round, or springs in the air and 
falls back to recommence anew. It is necessary to envelope the 
animals in soiiic soft covering to prevent them dashing themselves 
to pieces by the violence of their movements, and even then not 
always with success. The extreme agitation is manifest only 
during the first few days following the operation, and the animal 
may then be set free without danger ; but it is still unable to 
stand or walk, and tumultuous movements come on from the 
slightest disturbance. But after the lapse of a fortnight it is 
able to maintain its upright position with some support. At this 
stage it resembles an animal painfully learning to stand and walk. 
In this it relies mainly on its’vision, and it is only necessary to 
cover the eyes with a hood to dispel all the fruits of this new 
education, and cause the reappearance of all the motor disorders.” 
(Ferrier.) 



Fig. 257. 1, hair-cell; .5.hair-cell, show¬ 

ing the hair broken, anil the haste of 
the hair, split into its constituent 
fibrils: 2, fibre-cell; N. bundle of 
nerve fibres which have lost their 
medullary sheath, and terminate by 
arborising round the base of the hair- 
cells ; A. B., surface of tunica propria. 
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It is these canals which enable all of ns to know in which 
direction we are being moved, even though our eyes are bandaged, 
and the feet are not allowed to touch the ground. On being 
whirled round, such a person knows in w'hich direction he is 
being moved, and when the whirling stops he seems, especially if 
he opens his eyes, to be whirling in the opposite direction, due 
to the rebound of the fluid in the canals. The forced movements 
just described in animals are due either to the absence of the 
normal sensations from the canals, or to delusive sensations, 
arising from their irritation, and the animal makes efforts to 
correct the movement which it imagines it is being subjected to. 

It will be noticed that the canals of each side are in three- 




Fig-. 258.—Diagram of semicircular canals, to show their positions in three planes at right- 
angles to each other. It will be seen that the two horizontal canals (II; lie in the 
same plane; and that the superior vertical of one side (S) lies in a plane parallel to 
that of the posterior vertical (P) of the other. (After Ewald.) 


planes at right angles to each other, and we learn the movements 
of our body with regard to the three dimensions of space by 
means of impressions from the ampullary endings of the auditory 
nerve ; these impressions are set up by the varying pressure of 
the endolymph in the ampulla;. 

Thus a sudden turning of the head from right to left will cause 
movement of the endolymph towards, and therefore increased 
pressure on, the ampullary nerve-endings of the right horizontal 
canal, and diminished pressure on the corresponding nerve-endings- 
of the left side. 

“ One canal can be affected by, and transmit the sensation of 
rotation about one axis in one direction only ; and for complete 
perception of rotation in any direction about any axis, six canals 
are required in three pairs, each pair being in the same or parallel 
planes, and their ampulla; turned opposite ways. Each pair 
would thus be sensitive to any rotation about a line at right 
angles to its plane or planes, the one canal being influenced by 
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rotation in one direction, the other by rotation in the opposite 
direction.” (Crum-Brown.) 

The two horizontal canals are in the same plane; the posterior 
vertical of one side is in a plane parallel to that of the superior 
vertical of the other side (see fig. 258). 

Thes e four sets of imp ressions (tactile, muscular, visual^ and. 
labyrinthine) reach t he cerebell um by its pgduneles ; from the eyes 
through 'the "superior peduncle, from the semicircular canals 
through the middle and inferior peduncles, and from the* body 
generally through the restiform body or inferior peduncle. Section 
and stimulation of the peduncles cause inco-ordination, chiefly 
evidenced by rotatory and circus movements similar to those that 
occur when the nerve-endings in the semicircular canals are 
destroyed or stimulated. Stimulation of the cerebellum itself— 
and this has been done through the skull in man-—causes giddi¬ 
ness, and consequent muscular efforts to correct it. The results 
o f stimulation, indeed, are precisely analogous to those of extir¬ 
pati on, o nly in the reverse direction. 


CHAPTER XXVI. 


SENSATION. 

Before passing to the study of the various special senses, 
there are a number of general considerations in connection with 
the subject of sensation that demand our attention. 

The psychologist divides the mental phenomena, which the 
physiologist localises in the brain, into three main categories : — 

1 * Intellectual : perceiving, remembering, reasoning, ifec. 
i " 2. Emotional: joy, love, hate, anger, <fcc. 

3. Volitional : purposing, deliberating, doing. 

These are all closely connected together, and are all present in 
each healthy brain ; but according as one or other may predomi¬ 
nate, we speak of intellectual, emotional, or strong-willed indi¬ 
viduals. The connection is especially close between intellect and 
will, which represent as it were the two sides of what we may 
call a conscious reflex action : the intellect giving the reason or 
stimulus for the exercise of the volitional power. The emotions 
are more complex, and we shall not discuss them; they are 
elaborate mental processes, in which sensations predominate. 
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The intellectual faculties are derived from the senses; sensa¬ 
tions form the materials for intellect’; in other words, we know 
and learn from what we see, feel, and hear. People born blind 
or deaf thus labour under the great disadvantage of having one 
or the other channel of knowledge closed; they, however, make 
up for this in some measure by an education, and consequent 
increased sensibility of the channels that remain open. 

The simplest mental operation is a sensation —that is, the 
conscious reception on the mind of an impression from the exter 
nal world. For this the following things are necessary :— 

1. A stimulus. 

2. A nerve-ending to receive it. 

3. A path to the brain. 

4. A part of the brain to receive the impulse. 

During the whole operation, moreover, there must be atten¬ 
tion ; it is quite possible, for instance, in a dreamy person, that 
he may look at a thing without seeing it, or be present at a 
lecture without hearing it. 

The brain refers the sensation to the nerve-endings that 
received the stimulus ; thus pain in the finger is referred to the 
finger, the sight of an object to the eyes, Ac. If the ulnar nerve 
is stimulated by a knock on the elbow, the sensation is referred 
to the fingers where the nerve is distributed ; if the stump of a 
recently amputated leg be stimulated, the brain not having got 
used to the new condition of things, refers the sensation to the 
toes, which still seem to be present. 

Perception is a more complicated mental process ; it consists 
in the grouping of sensations, and the imagining of the object 
from which they arise, and which is called the percept. The 
smell, the taste, the colour, Ac. of an orange are all sensations ; 
the grouping of these together constitutes the perception of an 
, orange. Each mental process leaves an impress on the mind ; 
these impressions build up memory, or representative imagination; 
this may be reproductive, as in recalling a friend’s fade ; or con¬ 
structive, as in picturing the face of an historical person. 

The more complex intellectual operations consist in the forma¬ 
tion of concepts , and reasoning the grouping and discrimination of 
conceptions. Just as perception is built up of sensations, so 
conception is built up of perceptions'. Thus the orange of our 
previous example is learnt to be one of similar substances called 
fruits; fruits to be products of the vegetable, as distinguished 
from the animal world, and so on. 

This is seen in the education of a child ; at first scattered sen¬ 
sations only are perceived, and education consists in learning 
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what these sensations correspond to in the external world, and 
how they may be classified. The other mental faculties are in 
the same way built of simpler material; the volitional operations 
are at first simple responses to external conditions ; later on they 
become more complex and representative, culminating in speech, 
the most complicated movement of all. The emotions, too, are 
at first simple, and merely exaggerated sensations; the higher 
ones are complex and representative. 

The nerve-endings that receive the impression from the exter¬ 
nal world are of various kinds. They may be simply ramifying 
and interlacing plexuses of nerve-fibrils, as in the cornea, parts of 
the skin, and in the interior of the body ; this kind of nerve¬ 
ending is chiefly associated with yeneral sensibility, that vague 
kind of sensation which cannot be put under any of the special 
headings—taste, sight, hearing, touch, and smell. The nerve-end- 
iugs of the nerves of special sense are usually end-organs of a spe¬ 
cialised kind. The most frequent kind of sensory end-organ is 
made of what is called nerve-ejnthelium ; certain epithelial cells of 
the surface of the body become peculiarly modified, and grouped 
in special ways to receive the impressions from the outer world ; 
these send a nervous impulse into the arborisations of the termi¬ 
nation of the axis-cylinders of the nerves which envelope the 
cells. One of these varieties of nerve-epithelium we have already 
made the acquaintance of, in the hair-cells of the semicireular 
canals ; we Bhall find other kinds in the hair-cells of the cochlea, 
in the rods and cones of the retina, <kc. 

P ain is due to an exces siv e stimulation, of -the-uther s enso ry 
nerves, but there is some evidence t hat, it, may be a distinct sen¬ 
sation. Thus in "some cases of diseases of sensory channels, tactile 
sensation may be intact, but sensitiveness to pain absent, and 
"ire iwsti ; see also pp. 248 and 267. 

The other essential anatomical necessities for a sensation, the 
channels to the brain with their numerous cell-stations on the 
road, and the parts of the brain to which these tracts pass, we 
have already dwelt upon. Some of these points we shall, how¬ 
ever, be obliged to return to, especially in connection with vision. 
But here it is sufficient to insist on the necessity of the presence 
not only of the end-organ, but also of the nervous tracts and 
centres. Blindness, for instance, may not only be due to disease 
of the eye, but also to disease of the optic nerve, or of the parts 
of the brain which are connected with vision. 

A small stimulus, or a small increase or decrease in a big 
stimulus, will have no effect; a light touch, a feeble light, a 
gentle sound, may be so slight as to produce no effect on the 
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brain. The smallest stimulus that produces an effect is called 
the lower limit of excitation or the liminal (from limen, a 
threshold) intensity of the sensation. The height of sensibility or 
maximum of excitation is such a strong stimulus,*beyond which 
the brain is incapable of recognising any increase ; a bright light, 
for instance, may be so intense that any increase in its brightness 
is not perceptible. Between these two extremes we have what 
is called the range of sensibility. Most of our ordinary sensations 
fall somewhere about the middle of the range, and Weber’s or 
iFechner’s law is a law that regulates the proportion between the 
stimulus and the sensation, and which is operative for this region 
of the range of sensibility. In general terms it may be stated 
that sensations increase as the logarithm of the stimuli ; or, in 
order that the intensity of a sensation may increase in arith¬ 
metical progression, the stimulus must increase in a geometrical 
progression. 

A definite example will help us to understand these mathe¬ 
matical terms a little better. We will select our example from 
the sense of vision, because the intensity of the cause of visual 
sensations, light, is easily measurable. Suppose a room lighted 
by 100 candles, and one candle more is brought in, the increase 
of light produced by the extra candle is quite perceptible to the 
eye ; or if a candle were removed,'? the decrease in light would be 
perfectly appreciable. Next suppose the room lightfed by 1,000 
candles, and one extra was brought in, no difference would be 
seen in the amount of illumination; in order to notice increase or 
decrease in the light it would be necessary to bring in ten extra 
candles, or take away ten of the candles, as the case might be. 
In each case an increment or decrease of one-hundredth of the 
original light is necessary to cause, a corresponding increase or 
diminution in the sensation. 

This is after all a perfectly familiar facta farthing rushlight 
will increase the illumination in a dimly-lighted cellar, but it 
makes no apparent difference in the bright sunshine. 

The magnitude of the fraction representing the .increment of 
stimulus necessary to produce an increase of sensation determines 
what is called the discriminative sensibility. , This fraction differs 
considerably for different sense-organs; thus ?— 

For light it is x $-g-. 

For sound it is -j. 

For weight, it is 

For temperature it is 

For tactile pressure £ to in different parts of the body. 

Another general consideration in, connection with,sensation is 
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that the sensation lasts longer than the stimulus; a familiar 
instance of this is the sting after a blow. The after-sensations, as 
they are called,- have been specially studied in connection with the 
eye (see After-images). 

Subjective sensations are those which are not produced by 
stimuli in the external world, but arise in one’s own inner con¬ 
sciousness ; they are illustrated by the sensations experienced 
during sleep (dreams), and in the illusions to which mad and 
delirious people are subject. 

Homologous stimuli.— Each kind of peripheral end-organ is 
specially suited to respond to a certain kind of stimulus. The 
homologous stimuli of the organs of special sense may be divided 
into :— 

1. Vibrations set up at a distance without actual contact with 
the object; for instance, light and radiant heat. 

2. Changes produced by actual contact with the object; for 
instance, in the production of sensations of taste, touch, weight, 
and alteration of temperature by conduction ; in the case of the 
olfactory end-organs, the sensation is also excited by material 
particles given off' by the odoriferous body, and borne by the air 
to the .nostrils. In sound also, though there is no actual contact 
of the ear with the 1 bra ting body which emits the sound, the 
organ of hearing is excited by waves of material substance, first 
of air, then of bones, then,of endolymph, and these excite the 
nerve-endings of the internal ear. 

When the eye is excited by any other kind of stimulus than by 
•light, which is its adequate or homologous stimulus, the sensation 
experienced is light all the same ; for instance, one sees sparks 
when the eyeball is struck singing in the ears, the result of an 
accumulation of wax against the membrana tympani, is a similar 
example. * , * 

, This brings us to the conclusion of this chapter by leading to 
the question, Is there such a thing as specific nerve energy 1 It is 
an old question, but the answer has still to be found. Sight is a 
different thing from hearing, and both, are different from taste 
and smelj. What is the difference really* due to ? Can it be 
explained by supposing that the nervous impulse' along the optic 
nerve is. a ’different kind of molecular change from that whioh 
accompanies gustatory or auditory impulses 1 Or can it be 
explained by supposing that the main difference is in the end- 
organ, or in the psychical process which interprets the impulse 
from thfe end-organ 1 Until we know more about the nature of 
the molecular, change which constitutes a nervous, impulse, it is 
merely a master of speculation whether specific nerve-energy exists. 
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CHAPTER XXVII. 

TOUCH. 

Undeh the general heading Touch we shall include the various 
kinds of sensory impressions that start from the skin and 
muscles. 

Tactile End Organs. 

First, however, it is necessary to study the varieties of end 
organs concerned in the reception o‘f the impressions. The}- are 

of numerous kinds, but the following- 
are the principal ones :— 

^ Pacinian Corpuscles. —These are 
named after their discoverer, Pacini. 
They are little oval bodies, situated 
on some of the cerebro-spinal and 
sympathetic nerves, especially the cuta¬ 
neous .nerves of the hands and feet, 
where they lie deeply placed in the 
true skin. They often occur on the 
nerves of the mesentery of some animals 
like the cat. They have been observed 
also in the pancreas, lymphatic glands 
and. thyroid glands, as well as in the 
penis. They are about 7 V inch long. 
Each corpuscle is attached by a narrow 
pedicle to the nerve on which it is 
situated, and is formed of several 
concentric layers of- membrane, con¬ 
sisting of a hyaline ground-membrane 

Extremities of a nerve with connective-tissue' fibres each layer 
of the Unger with Pacinian . . .. . . . , ... “ 

corpuscles attached, about being lined by endothelium (figs. 260, 

anTkiiluker^ 261); through its pedicle passes a single 
nerve-fibre, which, after traversing the 
several concentric layers and their immediate spaces, loses its 
medullary sheath and enters a central core, at or near the diBtal 
end of which it terminates in an arborisation. Some of these 
layers are continuous w-ith those of the perineurium, but some 
are superadded. In some cases two nerves have been seen enter¬ 
ing one Pacinian body, and in othei-s a nerve after passing un¬ 
altered through one has been observed to terminate 1 in a second 
Pacinian corpuscle. 
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The corpuscles of Herbst (fig. 262) are closely allied to 
Pacinian corpuscles, except that they are smaller and longer with 
a row of nuclei around the central termination of the nerve in the 
core. They have been found chiefly in the tongues and bills of 



Fig. 260. - Pacinian corpuscle of the cat’s mesentery. The stalk consists of a nerve-fibre 
(N) with its thiok outer sheath. The peripheral capsules of the Pacinian corpuscle 
are continuous with the outer sheath of the stalk. The intermediary part becomes 
much narrower near the entrance of the axis-cylinder into the clear central core. A 
hook-shaped termination (T) is seen in the upper part. A blood-vessel (V) enters 
the Pacinian corpuscle, ana approaches the end; it possesses a sheath which is the 
continuation of the peripheral capsules of the Pacinian corpuscle. X 100. (Klein 
and Noble Smith.) 


ducks. The capsules are nearer together, aud towards the centre 
the endothelial sheath appears t to be absent. 

' End-bulbs are found in the conjunctiva (where in man they 
are spheroidal, but in most animals oblong), in the glans penis 
and clitoris, in the skin, in the lips, in the epineurium of nerve- 
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trunks, and in tendon; each is about inch in diameter, oval 
or spheroidal, and is composed of a medullated nerve-fibre, which 



Fig. 261.—Summit of a Pacinian corpuscle of the human finger, Bhowing the endothelial 
membranes lining the capsules. X 220. {Klein and Noble Smith.) 


terminates in corpuscles of various shapes, with a capsule con¬ 
taining a transparent or striated core, in the centre of which 



Fig. 262.—A corpuacle of Herbet, from Tig. 261.—End-bulb of Krause. «, me- 
the tongue of a duck. c, medullated dullated nerve-fibre; 6, capsule of 

nerve cut away. (Klein.) % corpuacle. 

terminates the axis-cylinder of the nerve-fibre, the ending of 
which is somewhat clubbed (fig. 263). 
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' y Touch-corpuscles (figs. 264, 266) are found in the papilla* 
of the skin of the fingers and toes. They are small oblong 
masses, about inch long, and -g-foy inch broad, composed of 
connective-tissue, surrounded by elastic fibres and a capsule of 
more or less numerous nucleated cells. They do not occur in all 



Fig. 264.—PapillfB from the skin of the hand, freed from the cuticle and exhibiting tactile 
corpuscles, a. Simple papilla with four nerve-fibres; «, tactile corpuscle; 6, nerves 
with winding fibres r. and «. u. Papilla treated with acetic acid; a, cortical layer 
with cells and fine elastic filaments; b, tactile corpuscle with transverse nuclei; 
c, entering nerve; d and e, nerve-fibres winding round the corpuscle, x 350. 
(Kdlliker.) 


the papillae of the parts where they are found, and, as a rule, in 
the papillae in which they are present there are no blood¬ 
vessels. 



Fig. 265.—A corpuscle of 
Grandry, from the 
tongue of a duck. 



Fig. 266.—A touch-corpuscle from the skin of 
the human hand, stained with gold ohlorfde. 


The peculiar way in which*the medullated nerve winds round 
and round the corpuscle before it enters it is shown in fig. 264. 

It loses its sheath before it enters into the interior, and then 
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its axis-cylinder branches, and the branches after either a straight 
■or convoluted course terminate within the organ. 

The corpuscles of G-randry (fig. 265) form another variety, 



Fig. 267.—Termination of lnedullnted 
nerve-flbre» in tendon near the mus¬ 
cular insertion. (Golgi.) 



1 %. 268. - One of the reticulated end-plates 
of fig. 114, more highly magnified. <», 
medullrtted nerve-fibre; b, reticulated 
ond-platea. (Golgi.) 


and have been noticed in the beaks and tongues of birds. They 
consist of corpuscles oval or spherical, contained within a delicate 

nucleated sheath and containing several 
cells, two or more compressed vertically. 
The cells are granular and transparent, 
with a nucleus. The nerve enters 011 one 
side and, laying aside its medullary sheath, 
terminates between the cells in flattened 
expansions. 

Nerve terminations, sensory in function, 
are found in inter-muscular tissue (figs. 
267, 268), and also in tendon. The 
former are reticulated end-plates, and the 
latter are something like small Pacinian 
corpuscles (fig. 269). The muscle-spindle 
(see p. 96) is supposed by some to be 
sensory. 

In addition to the special end organs, 
sensory fibres may terminate in plexuses, 
as in the sub-epithelial and the intra¬ 
epithelial plexus of the cornea (fig. 270). 

We may now proceed to the consideration of the sense of 
touch itself; it may be divided into three kinds :— 

1. The sense of locality. 

2. The sense of pressure. 



Fig. 269.—A termination of a 
medullated nerve-fibre 
in tendon, lower half 
with convoluted medul¬ 
la ted nerve-fibre. 

(Golgi.) 
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3. The sense of temperature. 

When any object rests on the skin, it is possible by these 
three varieties of tactile sense to 


ascertain its shape and the part of 
the skin which it touches (sense of 
locality); to estimate its weight even 
if it is not lifted (sense of pressure ); 
if it is lifted the muscular sense is 
called into play; and, thirdly, by 



the temperature sense we determine 
whether it is hot or cold. The end 
organs in the skin are numeiVms, and 
it is quite possible that these sensations 



are received by different kinds of end 
organs, though we are not acquainted 
with which corresponds to which. It 
is also not possible to draw a hard- 
and-fast line between touch proper on 



the one hand and general sensibility 
and pain on the other. The facts 
of disease, especially in that disease 
of the sensory tracts called loco¬ 



motor ataxy, point to the conclusion 
that these varieties of sensation are 
transmitted to the central nervous 
system by different tracts, and re¬ 



ceived and interpreted the?e by dif¬ 
fident. areas (see pp. 248, 267, and 
279). 


Fig. 270.—Vertical section of rab¬ 
bit's cornea, stained with gold 
chloride. The nerves n, termin¬ 


ate in a plexus under and with¬ 
in the epithelial layer, r 


The Sense of Locality. 

The acuteness of the sense of locality on different parts of the 
surface is proportioned to the power which such parts possess of 
distinguishing and isolating the sensations produced by two 
points placed close together. This power depends in part on the 
number of nerve-fibres distributed to the part; for the fewer the 
fibres which an organ receives, the more likely is it that several 
impressions on different contiguous points will act on only one 
nerve-fibre, and hence produce but one sensation. Experiments 
have been made to determine the tactile properties of different 
parts of the skin, as measured by this power of distinguishing 
distances. These consist in touching the skin, while the eyes are 
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closed, with the points of a pair of compasses, and in ascertaining 
how close the points of the compasses may be brought to each 
other, and still be felt as two points. 


Table of variations in the tactile sensibility of different parts.— 

The measurement indicates the. least distance at which the two 
paints of a pair of eoninaxses could he separately distinquixhed. 
(E. H. Weber.) 

t 


Tip of tongue . 

• h 

inch 

I 

mm 

Palmar surface of third phalanx of forefinger 

• A 


2 


Palmar surface of second phalanges of fingers . 

• h 

11 

4 


Red surface of under-lip. 

• ,1 


4 

11 

Tip of the nose.« . 

1 


6 


Middle of dorsum of tongue. 

■ i 


8 

11 

Palm of hand .. 

• \% 

11 

to 

11 

Centre of hard palate. 

■ 4 

11 

12 

11 

Dorsal surface of first phalauges of fingers 

13 

If 

14 

19 

Rack of hand ...... 

■ H 

if 

25 

11 

Dorsum of foot near toes . 

• ii 


37 


Gluteal region . 

- ii 

11 

37 

11 

Sacral region . 

• ii 

11 

37 

11 

Upper and lower parts of forearm .... 

• ii 

.. 

37 

19 

Back of neck near occiput . 

2 

11 

50 

11 

Upper dorsal and mid-lumbar regions . 

. 2 


5° 


Middle part of forearm . 

. 


62 


Middle of thigh . 

• 3 i 

11 

62 

y> 

Mid-ccrvical region. 

• 2i 


62 


Mid-dorsal region. 

. 2} 

11 

62 

11 


Moreover, in the case of the limbs, it was found that before 
they were recognised as two, the points of the compasses had to 
be further separated when the line joining them was in the long 
axis of the limb, than when in the transverse direction. 

According to Weber the mind estimates the distance between 
two points by the number of unexcited nerve-endings which in¬ 
tervene between the two points touched. It would appear that 
a certain number of intervening unexcited nerve-endings are 
necessary before the points touched can bo recognised as separate, 
and the greater this number the more clearly are the points of 
contact distinguished as separate. But the number of nerve- 
endings is not the only factor in the case, for by practice the- 
delicacy of a sense of touch may be very much increased. A 
familiar illustration occurs in the case of the blind, who, by con¬ 
stant practice, can acquire the power of reading raised letters the 
forms of which are almost if not quite undistinguishable by the 
Bense of touch to an ordinary person. 

The power of correctly localizing sensations of touch is gradu¬ 
ally derived from experience. Thus infants when in pain simply 
cry but make no effort to remove the cause of irritation, as an- 
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older child or adult would, doubtless on account of their imperfect 
knowledge of its exact situation. As education proceeds the 
brain gets to know more and more accurately the surface of the 
body, and the map of the surface in the brain is most accurately 
known where there is most practice of the sense of touch. The 
great delicacy of the tongue as a touch organ can be explained by 
the fact that this organ has to rely upon the sense of touch alone. 
Usually, in ascertaining the shape of an object or the part of the 
skin it touches, we use our eyes as well. In the case of the 
interior of the mouth this is impossible. 

The different degrees of sensitiveness possessed by different 
parts may give rise to errors of judgment in estimating 
the distance between two points where the skin is touched. 
Thus, if the blunted points of a pair of compasses (maintained at a 
constant distance apart) are slowly drawn over the skin of the 
cheek towards the lips, it is almost impossible to resist the con¬ 
clusion that the distance between the points is gradually increasing. 
When they reach the lips they seem to be considerably further 
apart than on the cheek. Thus, too, our estimate of the size of 
a cavity in a tooth is usually exaggerated when based upon sensa¬ 
tion derived from the tongue alone. Another curious illusion 
may here be mentioned. If we close the eyes, and place a 
marble between the crossed fore and middle fingers, we seem 
to be touching two marbles. This illusion is due to an error 
of judgment. The marble is touched by tw T o surfaces which, 
under ordinary circumstances, could only be touched by two 
separate marbles, hence, the mind, taking no cognizance of the 
fact that the fingers are crossed, forms the conclusion that the 
two sensations arc due to two marbles. 

The Sense of Pressure. 

The sense of pressure may be estimated by the ability of the 
skin to distinguish different weights placed upon it. There must 
be no lifting of the weight, or the muscular sense is brought into 
play also. That this is a different sense from that of locality is 
seen by the fact that its acuteness is differently distributed ; the 
forearm, for instance, is as sensitive in this direction as the skin 
of the palm. The tip of the tongue is the most discriminative 
portion of the body for locality, but it is not so for pressure; 
one cannot, for instance feel one’s radial pulse with the tongue. 
The fraction which by Weberns law represents the discriminative 
sensibility varies from £ at the finger tip to £ at the shoplder 
blade. 
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The Sense of Temperature. 

Here again the distribution of acuteness is different; the tip 
of the finger is not nearly so sensitive as the forearm or 
the cheek, to which a washerwoman generally^ holds her iron 

when forming a judgment of its 
temperature. The fraction which 
represents the discriminative 
sensibility is approximately 
,It has been further shown that 
there are two kinds of nerve- 
endings for temperature in the 
skin which are respectively ex¬ 
cited by heat and cold. Thus, 
if a small metallic pencil kept 
warm by a stream of water inside 
it, is moved over the surface, 
there are some points where the 
F*. ’7i-Hg^d e coid spot, (after sensation is merely tactile, and at 

others the pencil will feel un¬ 
comfortably hot; these spots are called heat spots. Cold spots 
may be similarly mapped out by the use of a cold pencil. The 
accompanying figure (fig. 271) indicates a small piece of the skin 
of the thigh with the heat spots horizontally, and the cold spots 
vertically shaded. 

The Muscular Sense. 

The muscular sense has been much discussed; some have even 
denied its existence, and supposed that it is merely a variety of 
the tactile sense; when the muscles contract they press upon 
the skin over them and the joints. No doubt the tactile sense 
of pressure helps us to know what we are doing with our muscles, 
but there are two sets of facts which show that the muscular sense 
proper is different from the tactile sense. One of these is that the 
muscular sense estimated by the lifting of weights, or by the 
amount of convergence of the axes of the eyes in looking at objects 
at different distances is much more sensitive than the tactile 
sense of pressure; the fraction representing the discriminative 
sensibility being only T X T instead of or £, which is the fraction 
for the pressure sense. The other set of facts are obtained from 
the study of disease; locomotor ataxy is a selective disease; it 
may' pick out certain sensory tracts and leave others for a time 
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intact; in this way the muscular sense may be destroyed without 
the tactile sense being much affected. 

Those who believe in the muscular sense are again divided 
into two sets ; some believe that the muscular sense is an accom¬ 
paniment of the efferent impulse and it is variously spoken of as 
an estimation of will force, or a sense of expended energy ; others, 
and among these the majority of physiologists must be included, 
look upon the sense ^as due to afferent impulses from the muscles 
to the brain. The “ estimation of will force ” doctrine is put out 
of court by the fact that people know when their muscles are 
contracting, and whether they are contracting much or little, 
when there is no expenditure of will force at all, as when the 
muscles are made to contract artificially under the influence of 
electrical stimulation. There are now many anatomical facts 
which point to the correctness of the view that the muscular 
sense is a true sense. Many years ago it was shown that out of 
the nerve-fibres which go to the frog’s sartorius some few degen- 
crate after section of the posterior nerve-roots. This has been 
more recently demonstrated to be also the case in the muscles of 
mammals by Sherrington. The discovery of sensory nerve- 
endings in muscle and tendon points in the same direction. 


CHAPTER XXVIII. 

TASTE AND SMELL. 

These two senses are very closely allied to one another, and it 
will therefore be convenient to consider them in one chapter. 


Taste. 

Certain anatomical facts must be studied first in connection with 
the tongue, the upper surface of w hich is oopr-p-mpd in the 
re ception of taiS^timuEn 

The tongue is a muscular organ covered by mucous membrane. 
'Hie muscles, which form the greater part of the substance of 
the tongue (intrinsic muscles) are termed IvrujvxtXee ; and by 
these, which are~a/Kaehed to ^K'e'lniicous membrane, its smaller 
and mor e delicate movements are performed. 
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By other muscles (extrinsic muscles), as the genio-hyoglossus, 
the styloglossus, &c., the tongue is fixed to surrounding parts; 
and by these its larger movements are performed. 

The mucous membrane of the tongue resembles other mucous 
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Fig. 272.—Papillar surface of the tongue, with the fauces and tonsils, i, i, drcumvallate 
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epiglottidean fold (freenum epiglottidis). (From Sappey.) 


membranes in essential points of structure, but contains papilla, 
peculiar to itself. The tongue is beset with numerous mucous 
follicles and glands. 
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The larger papillae of the tongue are thickly set over the 
anterior two-thirds of its upper surface, or dorsum (fig. 272), and 
give to it its characteristic roughness. In carnivorous animals, 
especially those of the cat tribe, the papillae attain a large size, 
and are developed into sharp re¬ 
curved horny spines. Such papillae 
cannot be regarded as sensitive, but 
they enable the tongue to play the 
part of a rasp, as in scraping bones, 
or of a comb in cleaning fur. The 
papillae of the tongue present several 
diversities of form; three principal 
varieties may be distinguished, 
namely, the (1) circumvallate, the 
(2) fungiform , and the (3) conical 
and filiform papillae. They are all. 
formed by a projection of the corium 
of the mucous membrane, covereqj 
by stratified epithelium, and contain, 
special branches of blood-vessels and?' 
nerves. 

The corium in each kind is 
studded by minute conical processes 
or microscopic papillae. 

(1.) Circumvallate .—These pa¬ 
pillae (fig. 274), eight or ten in 
number, are situate in a V-shaped 
line at the base of the tongue (1, 1, 

fig. 272). Thev are circular eleva- Kg. 273*— 1 Section of a mucous gland 
.. * , , ~ , , . . . from the tongue. A, opening of 

tions, from ^th to T \th Of an inch the duct on the free surface ; 

wide (1 to 2 mm), each with a dei > tB?flatt^^ b ^pSieSi h ceiiB 

slight central depression, and sur- IXfev^abr^ch^wh^^ 
rounded by a circular moat, at the convolute andrad blindly, being 
outside of which again IS a slightly epithelium. D, lumen of one of 

elevated ring or rampart; their (feeSd X 9 °'. 

walls contain taste-buds. Into the 

moat that surrounds the central tower, a few little serous glands 
open. 

(2.) Fungiform .—The fungiform papillae (3, fig. 272) are 
scattered chiefly over the sides and tip, and sparingly over the 
middle of the dorsum, of the Jsongue; their name is derived from 
their being shaped like a puff-ball fungus. (See fig. 275B.) 

(3.) Conical and Filiform. —These, which are the most abund¬ 
ant papillae, are scattered over the whole upper surface of the 
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tongue, but especially over the middle of the dorsum. They vary 
in shape, some being conical (simple or compound) and others 
filiform ; they are covered by a thick layer of epithelium, which is 
arranged over them, either in an imbricated manner, or is pro¬ 
longed from their surface in the form of fine stiff projections 



Fig. 274.—Vertical section of a circtunvallate papilla of the calf. 1 and 3 , epithelial layers 
covering it; 2, taste buds; 4 and 4', duct of serous gland opening out into the pit 
in which papilla is situated; 5 and 6, nerves ramifying within the papilla. 
(Engelmann.J 

(fig. 276). From their structure, it is likely that these papilhe 
have a mechanical and tactile function, rather than th at of t aste ; 
the latter sense being probably seated especially in the other two 
varieties of papillae, the circumyallate and the fungiform. 




Fig. 275.—Surface and section of the fungiform papillae. A, the surface of a fungiform 
papilla, partially denuded of its epithelium; p, secondary papillae; «, epithelium. B, 
section of a fungiform papilla with the blood-vessels injected; a, artery; v, vein ; 
c, Capillary loops of similar papillae in the neighbouring structure of the tongue; <U 
capillary loops of the secondary papillae ; e, epithelium. (From Kolliker, after Todd 
ana Bowman.) 

In the circumvallate papillee of ( the tongue of man peculiar 
structures known as taste-buds have been discovered. They are 
of an oval shape, and consist of a number of closely packed, 
very narrow and fusiform, cells {gustatory cells). This central 
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core of gustatory cells is enclosed in a single layer of broader 
fusiform cells (encasing cells). The gustatory cells terminate in 
fine stiff spikes which project on the free surface (fig. 277, a). 

These bodies also occur side by side in considerable numbers 
in the epithelium of the 


papilla foliata, which is 
situated near the root of 
the tongue in the rabbit, 
and is composed of a 
number of closely packed 
papillae very similar in 
structure to the circum- 
vallate papillae of man. 
Similar taste-buds have 
been observed scattered 
over the posterior third 
of the tongue and the 
pharynx, as low as the 
posterior (laryngeal) sur¬ 
face of the epiglottis. 

, The gustatory cells in 
! the interior of the taste- 
, buds are surrounded by 
| arborisations of the ter- 
minations of the glosso- 
! pharyngeal nerve. 


The middle of the 



not endowed to any great 
degree with the sense of 
taste ; the tip.jftad^flMW- 
gins, and especially the 
posterior third “oF'the 
dorsum(£.e.‘, iiTfhe region 
of the taste-buds), pos¬ 
sess this faculty. The 
anterior part of.the 



«? 


Fig. 276.—Two Aliform papillae, one with epithelium, 
the other without. y •— P> the substance of the 
papillae dividing at their upper extremities into 
secondary papillae; a, artery, and v, vein, dividing 
into capillary loops; e, epithelial covering, lami¬ 
nated between the papillse, but extended into 
hair-like processes, /, from the extremities of the 
secondary papillse. (From Kolliker, after Todd 
and Bowman.) 


tongue is supplied by the lingual branch of the fifth neyye..aad the 
chorda tympani, and the posterior third by the glos so-nha ryn geal 
nerve. Considerable discussion has arisen whether there is more 


than one nerve of taste. Th ^ view generally held by physiologists 
is that the glosao-pharv ngealnerve is the nerve of taste, andtEe 
lingualtEe nerve of tactile sensation. Nevertheless, the lingual 
an d the chorda tympani do contain wh i ch may be, 
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however, ultimately derived from the glosso-pharyngeal by its 
communication with the fifth and chorda tympani in the tym¬ 
panic plexus. Dr. Gowe rs, on the other hand, holds that the 



Fig. 277.—Tftste-goblet from dog’s epiglottis (laryngeal surface near the base), precisely 
similar in structure to those found in the tongue, a, depression in epithelium over 
goblet; below the letter are seen the fine hair-like processes in which the cells termi¬ 
nate ; c, two nuclei of the axial (gustatory) cells. The more superficial nuclei belong 
to the superficial (encasing) cells ; the converging lines indicate the fusiform shape of 
the encasing cells, x 400. (Schofield.) 


true nerve of taste is the fifth, and that the taste-fibres in the 
glosso-pharyngeal come ultimately from the fifth. 

Tastes may be classified into— 

1. Sweet. 2. Bitter. 

3. Acid. 4. Saline. 

Sweet is neutralised by acid as well as by bitter tastes. Acids 
and salines apparently affect nerves of tactile sense as well as 
those of taste proper. Sweet tastes are best appreciated by the 
tip, a cid bv the sid e, and bitter tastes by the back of the tongue. 
"Fjgvo urs a re really odours. 

The substance to be tasted must be dissolved ; here there is a 
striking contrast to the sense of smell. In testing the sense of 
taste in a patient, the tongue should be protruded, and drops of 
the substance to be tasted applied with a camel’s hair brush to 
the different parts ; the subject of the experiment must signify 
by signs his sensations, for if he withdraws the tongue to speak, 
the material gets widely spread. The more concentrated the 
solution, and the larger the surface acted on, the more intense is 
the taste; some tastes are perceived more rapidly than others, 
saline tastes the most rapidly of all. The best temperature of 
the substance to be tasted is from io° to 35° 0. Very high or 
very, low temperatures deaden the sense. 

v It is possible by chewing the leaves of an Indian plant (Gym- 
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nema sylvestre) to do away with the power of tasting bitters and 
sweets, while the taste for acids and salts remains. 

The delicacy of the sense of taste is sufficient to discern 1 part 
of sulphuric acid in 1,000 of water; the sense may be improved 
by practice, as in professional tea-tasters. 


Smell. 


Here again we will take anatomical considerations before' 
studying the physiology of the sense of smell. 

The nasal cavities are divided into three districts called re¬ 


spectively, (a) regio vestibu¬ 
laris, which is the entrance 
to the cavity. It is lined 
with a mucous membrane 
closely resembling the skin, 
and contains hairs ( vibrissae) 
with sebaceous glands; ( b )regio 
V&spiraloxia, which includes 
the lower meatus of the nose, 
and all the rest of the nasal 
passages except (c); its mucous 
membrane is .covered. by cilia¬ 




ted epithelium. The corium 
is thick and consists of fibrous 
connective tissue, it contains 
a certain number of tubular 


Fig. 278.—Cells from the olfactory region of 
the rabbit, st, supporting cells; r, r', 
olf actorial cells; /, ciliated cell; s, 
cilia-like process} 4 , cells from Bow¬ 
man’s gland. (Stohr.) 


mucous and serous glands ; 

(c) iJfnrtfYfrn, includes the anterior two-thirds of the 

superior meatus, the middle meatus, and the upper half of 
the septum nasi. It is considerably larger in animals like the 
dog, with a keener sense of smell than we possess. It consists of 
a thicker mucous membrane than in (b), made up of loose areolar 
connective tissue covered by epithelium of a special variety, 
resting upon a basement membrane. The cells of the epithelium 
are of several kinds, first, columnar cells not ciliated (fig. 278), 
with the broad end at the surface, and below tapering into an 
irregular branched process or processes, the terminations of which 
pass into the next layer. The second kind consists of a small 
cell body with large spherical nucleus, situated between the ends 
of the first kind of cell, and sending upwards a process to the 
surface between the cells of ’the first kind, and from the other 
pole of the nucleus a process towards the corium. The latter 
process is very delicate and may be varicose. The upper process 
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is prolonged beyond the surface, where it becomes stiff, and in 
some animals, like the frog, provided with hairs. These cells, 
which are called olfactorial cells, are numerous, and the nuclei of 



Fiir. 270.—Nerves of the septum nasi, seen from the right side, f. I, the olfactory bulb; 

.V 1 .-.— -: .1--1. .1 _ i--i.1--i— 1 .1.. 


feld and Lcveilfo) 


the cells not being on the same level, a comparatively thick nuclear 
layer is the result. In the corium are a number of serous glands 

called Bowman’s glands. They open 



upon the surface by fine ducts passing 
up between the epithelium cells. 

The distribution of the olfactory 
nerves which penetrate the cribri¬ 
form plate of the ethmoid bone and 



Kg. 280.—Semi-diagrammatic sec¬ 
tion through the olfactory mu¬ 
cous membrane of the new-born 
child, a, non-nuclear; and 2>, 
nucleated portions of the epi¬ 
thelium ; c, nerves; dd, Bow¬ 
man’s glands. (M. Schultze.) 


pass to this region of the nasal mu¬ 
cous membrane is shown in fig. 279. 
The nerve-fibres come into contact 
with the cells we have termed olfac¬ 
torial ; the columnar cells between 
these act as supports to them. 

The olfactory tract is an outgrowth 
of the brain which was originally hol¬ 
low, and remains so in many animals; 
in man the cavity is obliterated, and 
the centre is occupied by neuroglia: 
outside this the white fibres lie, and 
a thin superficial layer of neuroglia 
covers these. 
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The olfactory bulb has a more complicated structure; above 
there is first a continuation of the tract (white fibres enclosing 
neuroglia); below this four layers are distinguishable; they are 
shown in the accompanying diagram from Ramon y Cajal’s work, 
the histological method used being Golgi’s. 

(1) A layer of white fibres containing numerous small cells, or 
“ granules ” (d). 

(2) A layer of large nerve-cells called “ mitral cells ” (c), with 
smaller cells (a) mixed with them. The axis-cylinder processes 
of these cells pass up into the layer above and eventually become 



Fig. 281.—Nervous mechanism of the olfactory apparatus, a, bipolar cells of the olfactory 
apparatus (Max Schultze’s olfactofial cells); b, olfactory glomeruli; c, mitral cells ; 
0, granule of white layer ; f., external root of the olfactory tract ; v, grey matter of 
the sphenoidal region of the cortex ; a, small cell of the mitral layer; b, basket of a 
glomerulus ; e, spiny basket of a granule ; e, collateral of the axis-cylinder process of 
a mitral cell; /, collaterals terminating in the molecular layer of the frontal and 
sphenoidal convolutions ; < 7 , superficial triangular cells of the cortex; it, supporting 
epithelium cells of the olfactory mucous membrane. (Bamon y Cajal.) 


fibres of the olfactory tract e, which passes to the grey matter of 
the base of the brain F. They give off numerous collaterals on the 
way («,/). 

(3) The layer of olfactory glomeruli (b). Each glomerulus is 
a basket-work of fibrils derived on the one hand from the termi¬ 
nal arborisations of the mitral cells, and on the other from 
similar arborisations of the non-medullated fibres which form the 
next layer. 

(4) The layer of olfactory nerve-fibres. —These are non- 
medullated ; they continue upwards the bipolar olfactory cells , or 
as we have already termed them, the olfactoria! cells of the mucous 
membrane. 

An exceptional point in connection with the olfactory nervous 
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apparatus is that there is no decussation' of the olfactory 
tracts. 

In testing a patient’s sense of smell, substances like musk or 
assafcetida should be employed ; pungent substances like ammonia 
affect the nerves of tactile sense (5 th nerve) more than the 
olfactory nerves. 

The sense of smell is excited either by solid or gaseous particles; 
these affect the terminations of the olfactorial or bipolar cells and 
the path to the brain of the nervous impulse so set up we have 
already indicated. Liquids, unless they are volatile (that is, 
give off vapours), do not, as a rule, pxcite the sense ; thus Weber 
could not smell the slightest odour when his nostrils were com¬ 
pletely filled with water containing eau-de-Cologne. It is matter 
of common experience that odours and flavours (which are really 
odours) cannot be perceived readily when the amount of moisture 
in the nose is increased, as when one has a bad cold. 

On the other hand, the mucous membrane must not be too 
dry; this also impairs the delicacy of the sense. The delicacy 
of the sense is most remarkable ; thus, Valentin calculates that 
r ooffi>oooo °f a grain of musk can be distinctly smelt; and 
even this can be improved by practice, as in certain tribes of 
Indians. 

We cannot at present give a scientific classification of odours ; 
the only possible classification into pleasant and unpleasant is a 
matter of individual education and taste to a great extent. 


CHAPTER XXIX. 

HEARING. 

Anatomy of the Ear. 

The Organ of Hearing is divided into three parts, (iX-Afe" 
external, (2) the middle, and 1 3) the internal ear. The two first 
are only accessory to the thira or internal ear, which ’contains the 
essential parts of the organ of hearing. The accompanying figure 
shows the relation of these divisions, one to the others (fig. 282). 

External Ear. —The external ear consists of the pinna and ■ 
the external auditory meatus. ' I 
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The principal pArts of the pinna are two prominent rims 
enclosed one within the other {helix and antihelix), and en¬ 
closing a central hollow named the concha; in front of the 
concha, a prominence directed backwards, the tragus, and opposite 
to this one, directed forwards, the antitragus. From the concha, 



Fig. 282. —Diagrammatic view from before of the parts composing the organ of hearing of 
the left side. The temporal bone of the left side, with the accompanying soft parts, 
has been detached from the head, and a section has been carried through it trans¬ 
versely, so as to remove the front of the meatus extemus, half the tympanic mem¬ 
brane, the upper and anterior wall of the tympanum and Eustachian tube. The 
meatus intemus has also been opened, and the bony labyrinth exposed by the removal 
of the surrounding parts of the petrous bone. 1, the pinna and lobe; 2, 2', meatus 
extemus ; 2', membrana tympani; 3, cavity of the tympanum; 3', its opening back¬ 
wards into the mastoid cells; between 3 and 3', the chain of small bones; 4, Eusta¬ 
chian tube; 5, meatus interims, containing the facial (uppermost) and the auditory 
nerves; 6, placed on the vestibule of the labyrinth above the fenestra ovalis: a, apex 
of the petrous bone; b, internal carotid artery; c, styloid process; d, facial nerve 
issuing from the stylo-mastoid foramen : e, mastoid process; /, squamous part of the 
bone covered by integument, &c. (Arnold.) 

the auditory canal, with a slight arch directed upwards, passes 

inwards and a little forward s to the membiajuL-tv ^p^ t.r> 

Which it thus Serves tO «nnvay >.ha oiRro+.liig 

part consists of fibro-cartilage continued from" the conoha; its 

inner part of bone. Both are lined by skin continuous with that 

of the pinna, and extending over the outer part of the membrana 

tympani. 

Towards the outer part of the canal are fine hairs and se^ceon s 
glands, while deeper in the canal are small glands, resembling the 
sweat-glands in stru cture, which secrete the cerumen. 
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Middle Ear or Tympanum. —The middle ear, or tympanum 
or drum (j, fig. 282), is separated by the membrana tympani from 
the external auditory meatus. It is a cavity in the temporal bone, 
opening through its anterior and inner wall into the Eustachian 
tube, a ftvlindrifnrm flatt ened canal, di jate d at both ends,..com¬ 
posed partly of bone and partly of elastic cartilage, and lined with 
mucous membrane, which forms a communication between the 
tympa num and the pharyn x. It opens into the cavity of the 
pharynx just behind the posterior aperture of the nostrils. The 
cavity of the tympanum communicates posteriorly with air- 
cavities, the mastoid cells in the mastoid process of the temporal 
bone ] but its only opening to the xternal air is through the 



Fig. 283.—The hammer- 
bone or malleus, seen 
from the front, i, the 
head; 2, neck; 3, 

short process; 4, 

handle. (Schwalbe.) 



Fig. 284.—The incus, or anvil-bone. 
1, body; 2, ridged articulation 
for the malleus; 4, processus 
brevis, with 5, rough articular 
surface for ligament of incus; 
6, processus magnuH, with articu¬ 
lating surface for stapes; 7, nu¬ 
trient foramen. (Schwalbe.) 



Fig. 285.—The stapes, or 
stirrup-bone, j, base: 
2 and 3, arch: 4, head 
of bone, which articu¬ 
lates with orbicular 
process of the incus; 
5, constricted part of 
neck; 6, one of the 

crura. (Schwalbe.) 


Eustachian tube (4, fig. 282). The walls of the tympanum are 
oggecajs, except where apertures in them are closed with mem¬ 
brane, as at the fenestra rotunda , and fenestra ovalis, and at the 
outer part where the bone is replaced by the membrana tympani. 
The cavity of the tympanum is lined with mucous membrane, 
the epithelium of which is ciliated and continuous with that of 
the pharynx. It cont ains a chain of small bones which e xtends 
from the membrana tvmnani to the fenestra ovalis. 

Phe membrana tympani is placed in a sla nting direction at t he 
bottom of the external auditory canal, its plane being at an angle 
of about 45 0 with the lower wall f of the canal. It is formed 
of touprh and, fifrrea.. some running radially, some eireu- 

larly; its edges are set in a bony groove; its outer surface is 
covered with a continuation of the cutaneous lining of the 
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auditory canal, its inner surface with the mucous membrane of 
the tympanum. 

The ossicles are three in number; named malleus, incus, and 
stapes. The malleus, or hammer-bone, is attached by a long 
slightly-curved process, called its handle, which is inserted between 
the layers of the membrana tympani; the line of attachment 
being vertical, including the whole length of the handle, and 
extending from the upper border to the centre of the membrane. 
The head of the malleus is irregularly rounded ; its neck, or the 
line of boundary between it and the handle, supports two pro¬ 
cesses : a short conical one, which receives the insertion of the 
tensor tympani, and a slender one, processus gracilis, which extends 
forwards, and is attached 
to the wall of the cavity 
at the Glaserian fissure. 

The incus, or anvil-bone, 
shaped like a bicuspid mo¬ 
lar tooth, is articulated by 
its broader part, coi'res- 
ponding with the surface 
of the crown of the tooth, 
to the malleus. Of its two 
fang-like processes, one, 
directed backwards, has a 
free end lodged in a de¬ 
pression in the mastoid 
bone; the other, curved- 
downwards, longer and 
more pointed, articulates 
by means of a roundish 
tubercle, formerly called os orbiculare, with the stapes, a little 
bone shaped exactly like a stirrup, of which the base or bar fits 
into the membrane of the fenestra ovalis. To the neck of the 
stapes, a short process, corresponding with the loop of the stirrup, 
is attached the stapedius muscle. 

The bones of tko oar a.rq p f nvprpd with mucous membrane 
reflected over them from the wall of the tympanum-;- and are 
move able both altogether and sl ightly on e up op the other. The 
mal leus moves an d vibra.tes witK'evS'rv movement and vibration of 
the 'mem bmnatympanv*^and its movements are communicated 
through the, apd thrmurh it to the membrane 

closing the fenestra ovalis. * 

The Internal Ear. —The proper organ of hearing is formed 
by the distribution of the auditory nerve within the internal 



Fig. *86.—Interior view of the tympanum, with 
membrana tympani and bones in natural 
position, l, Membrana tympani; 2, Eusta¬ 
chian tube ; 3, tensor tympani muscle ; 4, lig. 
mallei super. ; 6, chorda-tympani nerve; a, b, 
and c, sinuses about ossicula. (Schwalbe.) 
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ear, or labyrinth , a set of cavities within the petroug portion of 
the temporal bone. The bone which forms the walls of these 
cavities is denser than that around it, and forms the osseous 
labyrinth; the membrane within the cavities forms the mem¬ 
branous labyrinth. The membranous labyrinth contains a fluid 
called endolymph : while outside it, between it and the osseous 



Fig. 287.—Right bony labyrinth, viewed 
from the outer side. The nr>ecimen 
here represented is prepared by sepa¬ 
rating piecemeal the looser substance 
of the petrouH bone from the dense 
walls which immediately enclose the 
labyrinth. 1, the vestibule; 2, fen¬ 
estra ovalis; 3, superior semicircular 
canal; 4,horizontal or external canal; 
5, posterior canal; *, ampul be of the 
semicircular canals ; o, first turn of 
the cochlea ; 7, second turn; 8, apex ; 
9, fenestra rotunda. The smaller 
figure in outline below shows the 

natural size. ?- (Summering.) 


e 



Fig. 288.—View of the interior of the left 
labyrinth. The bony wall of the laby¬ 
rinth is removed superiorly and exter¬ 
nally. 1, fovea hemielliptiea; 2, foveu 
hemispherica ; 3, common opening of 
the superior and posterior semicircular 
canals ; 4, opening of the aqueduct of 
the vestibule; 5, the superior ; l>, the 
posterior, and 7, the external semicir¬ 
cular canals; 8, spiral tube of the 
cochlea (seala tympani) ; 9, opening of 
the aqueduct of the cochlea ; 10, placed 
on the lamina spiralis in the seala ves- 

tibuli. (Summering.) 


labyrinth, is a fluid called perilymph. This fluid is not pure 
lymph ; as it contains mucin. 

The osseous labyrinth consists of three principal parts, 
namely the vestibule, the cochlea, and the semicircular canals. 

The vestibule is the middle cavity of the labyrinth, and the 
central organ of the whole auditory apparatus. It presents, in its 
inner wall, several openings for the entrance of the divisions of 
the auditory nerve; in its outer wall, the fenestra ovalis 
(2, fig. 287), an opening filled by membrane in which is 
inserted the base, of the stapes; m its posterior and superior 
walls, five openings., by which the semicircular canals com¬ 
municate with it: in its anterior wall, an opening leading into 
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the cochlea.. The structure of the semicircular canals is described 
in Chapter XXV. 

The cochlea .(6, 7, 8, figs. 287 and 288), a small organ, shaped 
like a snail-shell, is situated in front of the vestibule, its 
base resting on the bottom of the internal meatus, where some 
apertures transmit to it the cochlear filaments of the auditory 
nerve. In its axis, the cochlea is traversed by a conical column, 
the modiolus , around which a spiral canal winds with two turns 
and a half from the base to the apex. At the apex of the cochlea 
the canal is closed ; at the base it presents three openings, of which 
one, already mentioned, communicates with the vestibule; 
another, called fenestra rotunda, is separated by a membrane from 
the cavity of the tympanum ; the third is the orifice of the aquae- 
ductus cochleae, a canal leading to the jugular fossa of the petrous 
bone. The spiral canal is divided into two passages, or seal® 
(staircases), by a partition formed partly of bone, the lamina 
spiralis, connected with the modiolus, and partly of a membrane 
called the basilar membrane. 

The Membranous Labyrinth.—The membranous labyrinth 



Kg. 289.—Diagram of the right membranous labyrinth. U, utricle, into which the three 
semicircular canals open; S, saccule, communicating with the cochlea (C) by C.R., 
the canaliR reuniens, and with the utricle by a canal having on it an enlargement, the 
sacous endolymphaticus (S.E.). The dark shading represents the places of termination 
of the auditory nerve, namely, in the maculie of the utricle and saccule; the eristic in 
the ampullary ends of the three semicircular canals; and in the whole length of the 
canal of the cochlea. 

corresponds generally with the form of the osseous labyrinth, so far 
as regards the vestibule and semicircular canals, but is separated 
from the walls of these parts by perilymph, except where the nerves 
enter into connection within it. The labyrinth is a closed membrane 
containing endolymph, which is of much the same composition as 
perilymph, but contains less sofid matter. It is somewhat viscid, 
a s is the perilymph, and it is secreted by the epithelium lining its 
cavity; all the sonorous vibrations impressing the auditory nerves 
k.p. x 
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in these parts of the internal ear, are conducted through fluid to 
a membrane suspended in and containing fluid. In the | cochlea. 
the .Q^omhimumB..J^l^dHth_^mpigtes th e , p se£tim-J^tW£fiJQ»Jtke 
two scalce, and encloses a spiral canal, previously, me ntioned , 
called the canalis coc/d jmA fitf. 290). T he flu id i n the scalce of 
the cochlea'is continuous with th eperily mpETi u""tJTe ^estf^ol^and 
semicircular "canals." ’The vestibular portion of the membranous 
labyrinth comprises two communicating cavities, of which the 
larger and upper is named the utricle; the lower, the saccule. They 
are lodged in depressions in the bony labyrinth, termed respectively 
fovea hemielliptica and fovea hemispherica. Into the former open 
the orifices of the membranous semicircular canals ; into the latter 
by the canalis reuniens the canal of the cochlea. The accom¬ 
panying diagram (fig. 289) gives the relationship of all these 
parts to one another. 

Auditory Nerve.— All the organs now described are provided 
for the appropriate exposu re of the filaments of the audit ory 
t'ovvp t» vilnutmua It enters the bony canal (the meatus 
auditorius intemus), with the facial nerve and the nervus inter- 
medius, and, traversing the bone, enters the labyrinth at the 

angle between the base of the cochlea and.the. vestibule, in two 

divisions; one for„t h6 y tHMFuTe~ah<I'semicircular canals, and the 
other for the cochlea. 

There areTwo branches for the vestibule, one, superior, dis¬ 
tributed to the utricle and to the superior and horizontal semi¬ 
circular canals, and the other, inferior, which arises from the 
cochlear nerve, ends in the saccule and posterior semicircular 
canal. Where the nerve comes in connection with the utricle 
and saccule, the structure of the membrane is modified and the 
places are called maculae acu stjcce . At the ampullae of the semicir¬ 
cular canals, too, the structure is altered, becoming elevated into 
a ridge, which projects into the interior of the cavity, forming the 
crista, acustica. The distribution of the rest of the cochlear nerve 
occvirs along the whole length of the canal of the cochlea. 

The structure of the membranous canals has been given in 
Chapter XXV., so we can pass at once to the cochlea. 

This is best seen in vertical section ; the cavity is divided into 
two scaltE, partly by bone (the spiral lamina ), partly by mem¬ 
brane (the basilar membrane) ; the other end of the basilar 
rpembrane is attached to the bone by a ligament (the spiral 
ligament), formerly supposed to be a muscle (Bowman’s muscle); 
the two spiral staircases or scalee are named scala vestibuli and 
scala tympani (fig. 291). At the apex of the cochlea, the spiral 
lamina ends in a small hamulus, the inner and concave part of 
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Fig:. 290.—View of the osseous cochlea 
divided through the middle. 1, cen¬ 
tral canal of the modiolus; 2, lamina 
spiralis ossea ; 3, scala tympani; 4, 
seala vestibuli ; 5, porous substance 
of the modiolus noar one of the sec¬ 
tions of the canalis spiralis modioli. 
{. (Arnold.) 


which, being detached from the summit of the modiolus, leaves a 
small aperture named the helicotrema, by which the two scalse, 
separated in all the rest of their length, communicate. 

Besides the scala vestibuli and scala tympani, there is a third 
space between them, called scala 
media or canal of the cochlea 
(CC, fig. 291). In section it is 
triangular, its external wall being 
formed by the wall of the co¬ 
chlea, its upper wall (separating 
it from the scala vestibuli) try 
the membrane of Rcissner, and 
its lower wall (separating it from 
the scala tympani) by the basilar 
membrane, these two meeting at 
the outer edge of the bony 
lamina spiralis. Following the 
turns of the cochlea to its apex, 
the scala media there terminates blindly ; while towards the base 
of the cochlea it is also closed with the exception of a very 
narrow passage (canalis reuniens) uniting it with the saccule. 
The scala media (like 
the rest of the mem : 
branous labyrinth) 
contains endolymph. 

Organ of Corti .— 

Upon the biisilar mem¬ 
brane are arranged 
cells of various shapes. 

About midway be¬ 
tween the outer edge 
of the lamina spiralis 
and the outer wall of 
the cochlea are situa¬ 
ted the r ods of C orti. 

Viewed sideways, they 
are seen to consist of 
an external and in¬ 
ternal pillar, each ris¬ 
ing from an expanded 
foot or hos e attached 

to the basilar membrane (o, n, fig. 292). They slant inwards 
towards each other, and each ends in a swelling termed the hea d ; 
the head of the inner pillar overlying that of the outer (fig. 292). 

x 2 



Fig. 291.—Section through one of the coils'of the cochlea 
(diagrammatic). ST, scala tympani; SV, scala ves¬ 
tibuli ; CC, canalis coehlese or canalis membranoceus; 
■It, membrane of Iteissner ; Iso, lamina spiralis ossea ; 
Il«, limbus laminin spiralis; ss, sulcus spiralis; nc, 
cochlear nerve ; gs, ganglion spirale ; t, membrana 
tectoria ; (below the membrana tectoria is the lamina 
reticularis) ; b, membranabasilaris ; Co, rods of Corti; 
lap, ligamentum spirale. (Quoin.) 
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Each pair of pillars forms, as it were, a pointed roof arching over a 
space, and by a succession of them, a tunnel is formed. 

There are about 3,000 of these pairs of pillars, in proceeding 
from the base of the cochlea towards its apex. They are found 
progressively to increase in length, and become more oblique ; in 
other words the tunnel becomes wider, but diminishes in height 
as we approach the apex of the cochlea. Leaning against these 
external and internal pillars are certain other cells, called hair- 
cells, which terminate in small hair-like processes. There are 
several rows of these on the outer and one row on the inner side. 
Between them are certain supporting cells called cells of Deit ers. 



Fig. 292.—Vertical section of the organ of Corti from the dog. i to 2, homogeneous 
layer of the membrana basilaris; u, vestibular layer; v, tympanal layer, with 
nuclei and protoplasm ; «, prolongation of tympanal periosteum of lamina spiralis 
ossea; c, thickened commencement of the membrana basilaris near the point of per¬ 
foration pf the nerves h ; d, blood-vessel (vaa spirule); e, blood-vessel; /, nerves ; 
g, the epithelium of the sulcus spiralis intemus; i, internal hair-cell, with basil 
process k, surrounded with nuclei and protoplasm (of the granular layer), into which 
the nerve-fibres radiate; l, hairs of the internal hair-cell; n, base or foot of inner 
pillar of organ of Corti; m, head of the same uniting with the corresponding part of 
an external pillar, whose under half is missing, while the next pular beyond, «, 
presents both middle portion and base ; r * d, three external hair-cells; t, bases of two 
neighbodring hair or tufted cells; x, supporting cell of Deiters; w, nerve-fibre 
arborising round the first of the external hair-cells; 11 to l, lamina reticularis, 
x 800. (Waldeyer.) 

Most of the above details are shown in the accompanying figure 
(fig. 292). This structure rests upon the basilar membrane; it 
is roofed in by a fenestrated membrane or Ianuna--Witkail&ris into 
the fenestree of which the tops of the various rods and cells are 
received. When viewed from above, the organ of Corti shows a 
remarkable semblance to the key-board of a piano. The top of 
the organ is roofed by the membrana tectoria (fig. 291, t) that 
extends from the end of the lifnbus (lls, fig. 291), a connective- 
tissue structure on the spiral lamina. In close relation with the 
hair-cells which form the auditory nrrrr rpjthnlinni| nir-fftni— 
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of the auditory nerve. These are derived from the cochlear 
division already mentioned. This passes up the axis of the 
cochlea, and in its course gives oft’ fibres to the lamina spiralis. 
These fibres are thick at their origin, but thin out peripherally, 
and containing bipolar ganglion cells form the ganglion spirale. 
Beyond the ganglion at the edge of the lamina the fibres pass up 
and become connected with the organ of Corti, arborising around 
the hair-cells. 


Physiology of Hearing. 

• 

Sounds are caused by vibrations ; when a bell or a piano-string 
is struck, it is thrown into a series of rapid regular vibrations; 
the more rapidly the vibrations occur the higher is the pitch of 
the musical note, that is, it is shriller. The vibrations are trans¬ 
mitted as waves through the air, and ultimately affect the 
hair-cells at the extremities, of the auditory nerve in the cochlea. 
The semicircular canals arc not concerned in the sense of hearing; 
their function in connection with equilibration is described in 
Chapter XXV. The external and middle ears are conducting ; 
the internal ear is conducting and receptive. In the external ear 
the vibrations travel through air; in"the middle ear. through 
solid structures—membranes and bones : and in the internal ear 
through fluid, first through the perilymph on the far side of the 
fenestra ovalis; and then the vibrations pass through the basilar 
membrane, and membrane of Reissner, and set the endolymph of 
the canal of the cochlea in motion. 

This is the normal way in which the vibrations pass, but the 
endolymph may be affected in other ways, for instance through 
the other bones of the head ; onp can, for example, hear the 
ticking of one’s watch when it is placed between the teeth. From 
this fact is derived a valuable practical method of distinguishing 
in a deaf person, what part of the organ of hearing is at fault. 
The patient may not be able to hear a watch or a tuning-fork- 
when it is held close to the ear ; but if he can hear it when it is 
placed between his teeth or on his forehead, the malady is 
localised in either the external or middle ear; if he can hear it in 
neither situation it is a much more serious case, for then the 
internal ear or the nervous mechanism of hearing is at fault. 

In connection with the external ear there is not much more to 
be said; the pinna in many anipials is large and acts as a kind of 
natural ear-trumpet to collect the vibrations of the air; in man 
this function is to a very great extent lost, and though there are 
muscles present to move it into appropriate postures, they are not 
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under the control of the will in the majority of people, and are 
function less, ancestral vestiges. 

In the middle ear, however, there are several points to be 
considered, namely, the action of the membrana tympani, of the 
ossicles of the tympanic muscles, and of the Eustachian tube. 

The Membrana Tympani .—This membrane, unlike that of 
ordinary drums, can take up and vibrate in response to, not only 
its own fundamental tone, but to an immense range of tones 
differing from each other by as much as seven octavos. This 
would clearly be impossible if it were an evenly stretched 
membrane. It is not evenly nor very tightly stretched, but owing 
to its attachment to the chain of ossicles it is slightly funnel- 
shaped ; the ossicles also damp the continuance of the vibrations. 

When the membrane gets too tightly stretched, by increase or 
decrease of the pressure of the air in the tympanum, then the 
sense of hearing is dulled. The pressure in the tympanic cavity 
is kept the same as that of the atmosphere by the Eustachian 
tube, which leads from the cavity to the pharynx and so to the 
external air. The Eustachian tube is not, however, always open ; 
it is opened by the action of the tensor palati during swallowing. 
Suppose it were closed owing to swelling of its mucous membrane— 
this often happens in inflammation of the throat—the result 
would be what is called Eustachian or throat deafness, and this is 
relieved by passing a catheter so as to open the tube. When the 
tube is closed, the blood in the vessels of the tympanic wall takes 
up oxygen from the imprisoned air, and gives off carbonic acid in 
exchange; but the amount of carbonic acid given out is less than 
the amount of oxygen removed, so that the total quantity of gases 
within the tympanum is reduced; and its pressure consequently 
becomes less than that of the atmosphere, so the membrane is 
cupped inwards ; it is this increased tightening of the membrane 
that produces deafness. There is also an accumulation of mucus. 
When one makes a violent expiration, as in sneezing, some air is 
often forced through the Eustachian tube into the tympanum. 
The ears feel as though they were bulged out, as indeed the 
membrana tympani is, and there is again partial deafness, which 
sensations are at once relieved by swallowing so as to open the 
Eustachian tube and so re-establish equality of pressure once more. 

The ossicles communicate the vibrations of the membrana. 
tympani (to which the handle of the malleus is fixed) to the 
membrane which closes the fenestra ovalis (to which the foot of 
the stapes is attached). Thus the vibrations are co mmuni cated 
to the fluid of the internal ear which is situated on the other side 
of the oval window. 
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The following diagram will assist us in understanding how this 
is brought about. The bones all vibrate as if they were one, the 
slight movements between the individual bones being inappreci¬ 
able. The utility of there being several bones is seen when the 
vibrations are excessive; the small amount of “ give ” at the 
articulations is really protective and tends to prevent fractures. 

The handle of the malleus is inserted between the layers of the 
tympanic membrane; the processus gracilis (p g) has its end A 
attached to the tympanic wall on the inner aspect of the Glaserian 
fissure ; the end (B) of the 
short process (s p) of the 
incus is fastened by a 
ligament to the opposite 
wall of the tympanic cavity; 
the end 1) of the long pro¬ 
cess of the incus articulates 
with the stirrup, the base 
of which is turned towards 
the reader. The handle 
vibrates with the mem- 
brana tympani; and the 
vibrations of the whole 
chain take place round the 
axis of rotation AB. Every 
time C comes forwards I) comes forwards, but by drawing per¬ 
pendiculars from C and 1) to the axis of rotation, it is found 
that I) is about of the distance from the axis that C is. So 
in the transmission of the vibrations from membrane to membrane 
across the bony chain, the amplitude of th e vibration 
by a b oivt-j^ and the force is correspondingly increased. The final 
movement of the stapes is, however, always very sniall; it varies 
from y 1 ^ to less than iTfVTnr °f a millimetre. 

The action of the tensor tympani by pulling in the handle of 
the malleus increases the tension of the membrana tympani. It 
is supplied by the fifth nerve. It is doubtful if the laxator 
tympani is a true muscle. The stapedius attached to the neck of 
the stapes tilts it backwards. It is supplied by the seventh 
nerve. 

We have still to consider the use of the fenestra rotunda ; t his 
is closed by a membrane, and its action is to act as a vent for the 
vibrations of the perilymph. The next very simple diagram wil/ 
explain how this happens. 

The cochlea is supposed to be uncoiled; the- scala vestibuli 
leads from the fenestra ovalis, to the other side of which the 



Fig. 203.—Diagrammatic view of ear ossicles. 
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stapes is attached; the scala tympani leads to the fenestra 
rotunda; the two scalso communicate at the helicotrema, and are 
separated from the canal of the cochlea by the basilar membrane, 
and the membrane of Reissner. CR is the canalis reuniens 
leading to the saccule. The two scaloe contain perilymph ; the 
canal of the cochlea contains endolymph which is set in vibration 
by the perilymph through the membranes. Every time the 
membrane of the oval window is bulged in by the stirrup, the 
membrane of the round window is bulged out, and vice versd. 
If there were no vent in this way the propagation of vibrations 
through the fluid would be impossible. 

The theories in connection with the cochlea are two in number : 


F.Ovalis 


Stapes 



Scala Vestibuli (Perilymph) 
- “~ mnnui reiwotummu . 




Scala Tympani (Perilymph) 


Helicotrema 


F. Rotunda 

Fig. 294.—Diagram to illustrate the use of the fenestra rotunda. 


one is Helmholtz’ piano theory; the other is the telephone theory 
of Rutherford and Waller. 

The Piano Theory .—If one sings a note in front of a piano, the 
string of the piano that emits that note will take up the vibra¬ 
tion and answer ; another note will elicit an answer from another 
string. It was supposed by Helmholtz that there is an analogous 
arrangement in the cochlea. Different parts of the organ of 
Corti will respond to different notes as do the strings of- a piano. 
At first he thought it was the rods of Corti which acted in this 
way, but when it was shown that in birds there are no rods, he 
referred it to the different fibres of the basilar membrane. This 
is supported by the fact that this membrane increases in breadth 
from below upwards ; low notes will set in sympathetic vibration 
the long fibres of the upper part, and high notes the short fibres 
of the lower part of the organ. 

These responsive vibrations extend to the hair-cells resting on 
these particular portions of the membrane, and give rise to 
excitations which, conducted along the nerve-fibres to the brain, 
produce different auditory sensations. Thi s theo ry ..therefore 
localises the analysis of sounds in the cochlea. The membrana 
tectoria acts as a damping mechanism. 

The Telephone Theory .—Just as in a telephone one membrane 
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vibrates in response to a sound but at different rates for different 
sounds, so in this theory it is supposed that the basilar membrane 
vibrates as a whole, the hair-cells on it are affected, the nerve 
impulse travels.to the brain, and the analysis of the sound occurs 
there. In other words, the basilar membrane acts very much like 
The membrana tympaui. “ It is the internal drum-head, repeating 
the complex vibrations of the membrana tympani, and vibrating 
in its entire area to all sounds—although more in some parts than 
in others—giving what we may designate as acoustic pressure 
patterns between the membrana tectoria and the subjacent field 
of hair-cells. In place of aij analysis by sympathetic vibration 
of particular radial fibres, it may be imagined that varying com¬ 
binations of sound give varying pressure patterns, comparable to 
the varying retinal images of external objects.” (Waller.) 

The Range of hearing is more extensive than that of voice. 
Sounds can be heard that are produced by 30 vibrations per second, 
up to those caused by 30,000 to 40,000 vibrations per second; 
and in this range as many as 6,000 variations of pitch can be 
perceived, or about twice as many as the pairs of arches of Corti. 
Two sounds can be recognised as distinct if the interval between 
them is less than o - oo2 second (Exner), a fact that shows us 
the perfection of the damping as well as of the vibrating 
mechanism. 

The distinction between musical notes is not equally obvious to 
all observers. People differ a good deal in the musical element 
in their nature. But in all there is a limit to the perception of 
high-pitched notes. In Galton’s whistle, one has an instrument 
by which the rate of yibration of the air which produces the 
sound can be increased ; it gets shriller and shriller, and at last 
when the vibration frequency exceeds 30,000 or 40,000, the 
sound becomes inaudible. Probably many animals, however, are 
able to hear much higher notes than we can detect. 

An estimate, by the sense of hearing alone of the direction in 
which a sound comes, is always most imperfect. 
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t ongue, teeth, and lips, as will be expla ined Infer on 


Anatomy of the Larynx. 

The cartilages of the larynx are the thyroid, the cricoid, the two ary¬ 
tenoids. These are the most important for voice production ; they are made 
of hyaline cartilage. Then there is the epiglottis, two cornicular, and two 
cuneiform cartilages. These are made of yellow tibro-cartilage. 


Cornu min. __ 
Cornu maj. .. 


__.m. Stcrno-hyoideus. 


Cornu sup. ... A 


m. Steroo-hyoideus. 


i mm m. 


mi. Stomo-hyoideus. 


Big. crico-thyr. med. 

Cart, cricoidea .jK— 

Lig. crico-trachere _.^HpHNtig 

Cart, tracheale ' - 


m. Crico-thyroideus. 


Fig. 295.—The larynx, as seen from the front, showing the cartilages and ligaments. The 
muscles, with the exception of one cri co-thyroid, are cut off short. (Stoerk.) 


The thyroid cartilage (fig. 296, 1 to 4) does not form a complete ring 
around the larynx, but only covers the front portion. It forms the pro¬ 
minence in front of the thro at known as A dames apple, (a) The cricoid 
Cartilage (fig. 296, 5, 6), on the otner hand, is a complete rihg; the back 
part of the ring being much broader than the front. On the top of this 
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broad portion of the cricoid are (It) the arytenoid cartilages (fig* 296, 7), 
the connection between the cricoid below and arytenoid cartilages above 
being a joint with synovial membrane and ligaments, the latter permitting 
tolerably free motion between them. But although the arytenoid cartilages 
can move on the cricoid, they accompany the latter in all its move¬ 
ments. "^ v 



Fig. 296.—Cartilages of the larynx seen from the front. 1 to 4, thyroid cartilage; 
1, vertical ridge or pomum Adami; 2, right ala; 3, superior, and 4, inferior cornu 
of the right side ; 5, 6, cricoid cartilage; 5, inside of the posterior part; 6, anterior 
narrow pari of the ring; 7, arytenoid cartilages, x }. 

The eornicular cartilages, or cartilages of Santorini, are perched on the 
top of the arytenoids : the cuneiform cartilages, or cartilages of Wrisberg, 
are in a fold of mucous membrane ; the epiglottis looks like a lid to the 
whole (fig. 297). 


Lig. ary-epiglott. 


Cart. tVrisbergii. 
Curt. Santorini. 

Cart, ary ten. 
Proc. muscul, 


tig. crico-aryten. 
Lig. corato-crico. post.sup. 

Cornu infer, 
tig. carat-crico. post. inf. 



Cart, trachea). ’ 


Pars membran. 


Fig. 297.—The larynx as seen from behind after removal of the muscles. The cartilages 
and ligaments only remain. (Stoerk.) 


The thyroid cartilage is also ’connected with the cricoid, by the crico¬ 
thyroid membrane, and also by joints with synovial membranes ; the lower 
cornua of the thyroid clasping the cricoid between them, but n6t 
so tightly but that the thyroid can revolve, within a certain range, 

I/-#**"• C*-yf-W Cc 01 'VuJ'yA ff , y-vx C*i . 
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around an axis passing transversely through the two joints at which the 
cricoid is clasped. The vocal cords are attached (behind) to the front 
portion of the base of the arytenoid cartilages, and (in front) to the 
re-entering angle at the back of the thyroid; it is evident, therefore, 
that all movements of either of these cartilages must produce an effect 
on them of some kind or other. Inasmuch, too, as the arytenoid cartilages 
rest on the top of the back portion of the cricoid cartilage, and are connected 
with it by capsular and other ligaments, all movements of the cricoid 
cartilage must move the arytenoid cartilages, and also produce an effect on 
the vocal cords. 

Muscles .—The muscles of the larynx are divided i nto in trinsic and ex¬ 
trinsic. The intrinsic are named from their attachments” 1 lli "fche Vllftbus 
cartilages; the extrinsic are those which connect the larynx to other parts 
like the hyoid bone. 

The attachments and the action of the intrinsic muscles are given in the 
following table. All the muscles are in pairs except the arytenoideus. 


Table of the several Groups of the Intrinsic Muscles of the 
Larynx and their Attachments. 

Grow. 1 Muscle. ' Attachments. j Action. 

I. j 

Abductors. Crico-aryte- j This pair of muscles arises, on Draw inwards 
noidei pos- either side, from the posterior and backwards 

tici. surface of the corresponding ' the outer angle 

half of the cricoid cartilage. of arytenoid 

From this depression their cartilages, and 

fibres converge on either side so rotate out- 

upwards and outwards to be wards the pro- 

inserted into the outer angle cessus vocalis 

of the base of the arytenoid and widen the 

cartilages behind the crico- glotti s, 

arytenoid laterales. 

II. and III. ~~ 

Adductors j Thyro - ary - A pair of muscles. Flat and Help to narrow 
and epiglottici. 1 narrow, which arise on either or close the rima 

Sphincters, j side from the processus mus- glottidis. 

cularis of the arytenoid carti¬ 
lage, then passing upwards 
and inwards cross one another, 
in the middle line to be in¬ 
serted into the upper half of 
the lateral border of the oppo¬ 
site arytenoid cartilage and 
the posterior border of the 
cartilage of Santorini. The 
lower fibres run forwards and 
downwards to be inserted into 
the thyroid cartilage near the 
commissure. The fibres at¬ 
tached to the qartilage of San¬ 
torini are continued forwards 
and upwards into the ary-epi¬ 
glottic fold. 
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Group. 

II. and IH.j 
Adduotors 
and 

Sphincters 

— continued. 


Muscle. Attachments. 


Action. 


Arytenoide- |A single muscle. It is attached Draws together 
to the borders of the arytenoid the arytenoid 
cartilages, its fibres runningj cartilages and 
horizontally between the two. also depresses 

them. When 
the muscle is 
paralyzed, the 
inter -cartilagi¬ 
nous part of the 
glottis cannot 
come together. 


Thyro-aryte- 

noidei. 


A pair of muscles. Each, 
may* be further divided into 
two layers, internal and ex- ; 
tcrnal. The external fibres 1 
: arise side by side from the ‘ 
lower half of the internal sur-. 
face of the thyroid cartilage, 
close to the angle, and from the j 
fibrous expansion of the erico- i 
thyroid membrane, and are i 
inserted into the lateral border j 
, of the arytenoid cartilage. The j 
! inner fibres run horizontally,; 

to be attached to the lower : 
: half of this bolder, and thei 
i outer fibres pass obliquely out¬ 
wards to lie inserted into the : 
upper half, whilst some pass 1 
to the cartilage of Wrisberg. 
and the ary-epiglottic fold, j 


The internal fibres arise inter¬ 
nally to those just described, 
and running parallel to and in 
the substance of the vocal cord 
are attached posteriorly to the 
processus vocalis along its 
whole length and to the adja¬ 
cent part of the outer surface 
of the arytenoid cartilage. 


Render the vocal 
Qords tg m o - an d 
roFat'eth aasyte- 
noid c artilages 
anjU T a ppro wr- 
m ate t hair-an- 
t^jw-angTiSS or 
vocal.procasees, 


Crico-aryte- A pair of muscles. They arise Approximate the 
noidei late- on either side from the middle j vocal cords by 
rales. j third of the upper border of drawing the 
i the cricoid cartilage and are! processus mus- 
| inserted into the whole ante- 1 cularis of the 
rior margin of the base of the arytenoid carti 
arytenoid cartilage. Some of lages forwards 
their fibres join the thyroid- anddownwards 
ary-epiglottici. and so rotate 

the processus 
vocalis inwards. 
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IV. Tensors. Crieo-thyroi- A pair of fan-shaped muscles 
dei. attached on either side to the 

cricoid cartilage below ; from 
the mesial line in front for 
I nearly ope-half of its lateral 
| circumference backwards the 
| fibres pass upwards and out- 
I wards to be attached to the 
} lower border of the thyroid 
! cartilage ami to the front 
bonier of its lower cornea. 


The thyroid carti 
lage being fixed 
by its extrinsic 
muscles, the 
front of the cri¬ 
coid cartilage is 
drawn upwards, 
and its back, 
with the aryte¬ 
noids attached, 
is drawn down. 
Hence the voca l 
cord s are elon¬ 
gated ^antfiro- 
postcrioriy. and 
put upon the 
stretch. Pa¬ 
ralysis of these 
muscles causes 
ah inability to 
produce high 
notes. 


lag. ary-epiglott. 

Cart. Wrisbergii 
Cart. Santorini 

mm , Aryten. obliqu. 

Crico-arytenoid. post. 
Cornu inferior 
lag. cerato-cric. 

Pan post. inf. membrani. 

Fan cartilag. 


Pig. ag8.-*The larynx as seen from behind 
intrinsic muscles posteriorly. (Sta 



(Stoerk.) 


To show the 


Nerve Supply. — The 
larynx issupplied by two 
branches of the vagus ; 
the ftipf.rjjir lij . ryiu / iuiJ . is 
the sensory nerve ; by its 
ea-feruol branch, how¬ 
ever, it supplies one mus¬ 
cle, namely the crico¬ 
thyroid. The rest of the 
muscles are supplied by 
the inferior laryngeal 
nerve, the fibres of which, 
however, come from the 
spinal accessory, not the 
vagus proper. 

Mu roue membrane .— 
The larynx is lined with 
a mucous membrane con¬ 
tinuous with that of the 
trachea ; this is covered 
with ciliated epithe¬ 
lium except over the 
vocal cords and epiglot¬ 
tis, where it is strati¬ 
fied. The vneal cords 
are thickened 
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nf elastic tissue in this mucons membrane which ran from before back a s 
nirp ^v descri bed. Trie chink between them is called the rirna glotiidh 
(see fig. 299). Two ridges of mucous membrane above and parallel to 
these are called the falne vorfil nortl x ; between the true and false vocal 
cord on each side is a recess called the vr.fa.rids U; and it is in the mucous 
membrane here that .the cuneiform cartilages are imbedded. 

The laryngoscope is an instrument employed in investigating during 
life the condition of the pharynx, larynx, and trachea. It consists of a large 
concave mirror with perforated centre, and of a smaller mirror fixed in a 



Fig. 299.—Vertical section through the larynx, passing from side to side. H, hyoid bone; 
T, thyroid cartilage ; T.C.M., thyro-cncoid membrane ; C, cricoid cartilage ; Tr, first 
ring of trachea; T.A., thyro-arytenoid muscle ; K.G., rima glottidis; V.C, vocal cord ; 
V, ventricle; F.V.C., false vocal cord. 

long handle. It is thus used : the patient is placed in a chair, a good light 
(argand burner, or lamp) is arranged on one side of, and a little above his 
head. The operator fixes the large mirror found his head in such a manner, 
that he looks through the central aperture with one eye. He then seats 
himself opposite the patient, and so alters the position of the mirror, which 
is for this purpose provided with a ball-and-socket joint, that a beam of 
light is reflected on the lips of the patient. 

The patient is now directed to throw his head slightly backwards, and to 
open his mouth ; the reflection from the mirror lights up the cavity of the 
mouth, and by a little alteration of the distance between the operator and 
the patient the point at which the greatest amount of light is reflected by 
the mirror—in other words, its fbcal length—is readily discovered. The 
small mirror fixed in the handle is then warmed, either by holding it over 
the lamp, or by putting it into a vessel of warm water ; this is necessary to 
prevent the condensation of breath upon its surface. The degree of heat is 
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regulated by applying the back of the mirror to the hand or cheek, when it 
should feel warm without being painful. 

After these preliminaries the patient is directed to put out his tongue, 
which is held by the left hand gently but firmly against the lower teeth by 
means of a handkerchief. The warm mirror is passed to the back of the 
mouth, until it rests upon and slightly raises the base of the uvula, and at 
the same time the light is directed upon it: an inverted image of the 
larynx and trachea will be seen in the mirror. If the dorsum of the tongue 
is alone seen, the handle of the mirror must be slightly lowered until the 
larynx comes into view ; care should be taken, however, not to move the 




Fig. 300.—The parts of the Laryngoscope. 


mirror upon the uvula, as it excites retching. The observation should not 
be prolonged, but should rather be repeated at short intervals. 

The structures seen will vary somewhat according to the condition of the 
parts as to inspiration, expiration, phonation, &c.; they are (fig. 302) first, 
and apparently at the posterior part, the base of the tongue, immediately 
below which is the arcuate outline of the epiglottis, with its cushion or 
tubercle. Then are seen in the central line the true vocal cords, white and 
shining in their normal condition. The cords approximate (in the inverted 
image) posteriorly ; between them is left a chink, narrow whilst a high note 
is being sung, wide during a deep inspiration. On each side of the true 
vocal cords, and on a higher level, are the \Ank false vocal cords. Still more 
externally than the false vocal cords is the aryteno-cpiglottidean fold, in 
which are situated upon each side three small elevations ; of these the most 
external is the cartilage of Wrisberg, the intermediate is Hie cartilage of 
Santorini, whilst the summit of the arytenoid cartilage is in front, and 
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somewhat below the preceding, being only seen during deep inspiration. 
The rings of the trachea , and even the bifurcation of the trachea itself, if the 
patient be directed to draw a deep breath, may be seen in the interval 
between the true vocal cords. 



Fig. To show the position of the operator and patient when using the ParyngoHcope. 


Movements of the Vocal Cords. 

In Respiration .—The position of the vocal cords in ordinary 
tranquil breathing is so adapted by the muscles, that the opening 
of the glottis is wide and triangular (fig. 302, n), becoming a little 
wider at each inspiration, and a little narrower at each expiration. 
On making a rapid and deep inspiration the opening of the glottis 
is widely dilated (fig. 302, c), and somewhat lozenge-shaped. 

In Vocalisation .—At the moment of the emission of a note, the 
chink is.narro>ved, the margins of the arytenoid cartilages being 
brought into contact and the edges of the vocal cords approximated 
and made parallel; at the same time their tension is much in¬ 
creased. Tfrft higher :tho qgfa prod uced , thcJboiaaer.dp frhe cords 

b eco me (fig. 302, a); and the range of a voice depends, in the 
main, on the extent to which the degree of tension of the vocal 
cords can be thus altered. In the production of a high note the 
vocal cords are' brought well within sight, so as to be plainly 
visible with the help of the laryngoscope. In the utterance of 
low-pitched tones, on the other hand, the epiglottis is depressed 
and brought over them, and the arytenoid cartilages look as if. 
they were trying to hide themselves under it (fig. 303). The 
epiglottis, by being somewhat^ pressed down so as to cover the 
superior cavity of the larynx, serves to render the notes deeper 
in tone and at the same time somewhat duller. 

The degree of approximation of the vocal cords also usually 

K.P. Y 
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corresponds with the height of the note produced; but the width 
of the aperture has no essential influence on the height of the 
note, as long as the vocal cords have the same tension : only 


e 


o 


Fig. .102,—Throe laiyngoscopic views of the superior aperture of the larynx and surround- 

glottis the position of the vocal ligaments’and arytenoid cartilages in the three several 
states represented in the other -figures. In all the figures so far as marked, the letters 
indicate the parts as follows, viz.: l, the base of the tongue; «, the upper free part of 
the epiglottis; s', the tubercle or cushion of the epiglottis; vh, part of the anterior 
wall of the pharynx behind the larynx; in the margin of the aryteno-epiglottidean 
fold, to, the swelling of the membrane caused by the cartilages of wrisberg ; s, that of 


receding trachea, and b indicates the commencement of the two bronchi beyond the 
bifurcation which may be brought into view in this state of extreme dilatation. 
(Quoin, after Czermak.) 

with a wide aperture the tone is more difficult to produce and is 
less perfect, the rushing of the air through the aperture beMg 
heard at the same time. 

No true vocal sound is produced at the posterior part of the 
aperture of the glottis, that, viz., which is formed by the space 
between the arytenoid cartilages. 
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The Voice. 



A/xA. 


Filt. 303.—View of the upper part of the 
larynx as seen by means of the larvn- 
ftoHcope during the utterance of a 
bass note, e, epiglottis; .1* tubercles 
of the cartilages of Santorini; a, 
arytenoid cartilages ; s $ base of the 
tongue ; ph. the posterior wall of .the 
pharynx. (Czermak.) 


be widely open, so that there 
some have supposed that the 


The human musical instrument is often compared to a reed 
organ-pipe: certainly the notes produced by such pipes in the 
vox kumana stop of organs is very like the human voice. Here 
there is not only the vibration of a column of air, but also of a 
reed, which corresponds to the vocal cords in the air-chamber 
composed of the trachea and the 
bronchial system beneath it. The « 

pharynx, mouth, and nasal ca¬ 
vities above the glottis are re¬ 
sonating cavities, which by al¬ 
terations in their shape and size, 
are able to pick out and em¬ 
phasize certain component parts 
of the fundamental tones pro¬ 
duced in the larynx. The na¬ 
tural voice is often called the 
chest voice. The falsetto voice is 
differently explained by different 
observers ; on laryngoscopic ex¬ 
amination, the glottis is found to 
is an absence of chest resonance ; 
attachment of the thyro-arytenoid muscle to the vocal cord 
renders it capable of acting like the linger on a violin striug, 
part of the cord being allowed to vibrate while the rest is held 
still. Such a shortening of li vibrating striug would produce a 
higher pitched note than is natural. 

Musical sounds differ from one another in three ways :— 
x. In pitch. This depends on the ru t-p nf vilira±imi ■ and in 
the case of a string, t he pitch increases with the tensio n, and 
<1 iinixiishes_with_thejength of the^.string. Tjig_3^jfial_cords of a 
woman are slxorter than those of—a_man^ iicaice^^xeTi^ tTer 


pitched voice ofwonie n. The average length' of ^'ffie'xemS'e cord 
is i'“x^^millimetr^; this can be stretched t<x 14; the male 
cord averages 15'5 and can be stretched to 1 g - 5 millimetres. 

2. In loudness .— This depends on the amplitude of the vibra ¬ 
tion s, an d is inereased~by t he fo r ce of the expiratory blast wh ich 
sets the cords in motion. 

3. In “ timbre." —This is thf difference of character which distin¬ 
guishes one voice, or one musical instrument, from another. It is due 
to admixture of the primary vibrations with secondary vibrations or 
overtones. If one takes a tracing of a tuning-fork on a revolving 

< /l’*y> * A-Vp Cv >> ? e.-l< u et-I T 2 fba S 
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cylinder, it writes a simple series of up and down waves corresponding 
in rate to the note of the fork. Other musical instruments do not 
lend themselves to this form of graphic record, but their vibra¬ 
tions can be rendered visible by allowing them to act on a small 
sensitive gas-flame ; this bobs up and down, and if the reflection 
of this flame is allowed to fall on a series of mirrors, the top of 
the continuous image formed is seen to present waves. The 
mirrors are usually arranged on the four lateral sides of a cube 
which is rapidly rotated. If one sings a note on to the mem¬ 
brane in the side of the gas-chamber with which the flame is in 



Fig. 304.—Kiinig’s apparatus for obtaining flame pictures of musical notes. 


connection, the wave* seen are not simple up and down ones, 
but the primary large waves are complicated by smaller ones on 
their surface, at twice, thrice, <fec., the rate of the primary vibra¬ 
tion. The richer a voice, the richer the sound of a musical 
instrument, the more numerous are these overtones or har¬ 
monics. 

The range of the voice is seldom, except in celebrated singers, 
more than two-and-a-lialf octaves, and for different voices this is 
in different parts of the musical scale. 

Although the voice is usually produced by the expiratory 
blast, by practice one can employ the inspiratory blast; this con¬ 
stitutes the form of speech known as ventriloamsm . The voice 
does not appear to come out of the speaker’s mouth ; and as 
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we never readily distinguish the direction in which the sounds 
reach our ear, the ventriloquist, by directing the attention of the 
audience to various parts of the room, is able to make them 
imagine the voice is proceeding from those parts. 


Speech. 

'Phis is due to the modification produced in the fundamental 
laryngeal notes, by the resonating cavities above the vocal cords. 
l>y modifying the size and shape of the pharynx, mouth, and nose, 
certain overtones or harmonies are picked out and exaggerated ; 
dltSTgives us the v owel sound ; the consonants are produced by 
interruptions, more "or less complete, of the outflowing air in 
different, situations. The soft palate is raised at each word. 
When the larynx is passive, and the resonating cavities alone 
come into play, then we get whispering. 

The pitch of the Vowels has been estimated musically ; v has the lowest 
pitch, then o, a (as in father), a (as in cane), i, and r. We may give a few ex¬ 
amples of the shape of the resonating cavities in pronouncing vowel sounds, 
and producing their characteristic timbre : when sounding a (in father) the 
mouth has the shape of a funnel wide in front ; the tongue lies on the 
floor of the mouth ; the lips are wide open ; the soft palate is moderately 
and the larynx slightly raised. 

In pronouncing n (00), the cavity of the mouth is shaped like a capacious 
flask with a short narrow neck. The whole resonating cavity is then 
longest, the lips being protruded as far as possible ; the larynx is depressed 
and the root of the tongue approaches the fauces. 

In pronouncing a, the neck of the flask is shorter and wider, the 
lips being nearer the teeth : the larynx is slightly higher than in sound¬ 
ing 00. 

In pronouncing r, the flask is a small one with a long narrow neck. The 
resonating chamber is then shortest as the larynx is raised as much as 
possible, and the mouth is bounded by the teeth, the lips being retracted : 
the approach of the tongue near the hard palate quakes the long neck of the 
flask. 

The Consonants are produced by a more or less complete closure of cer¬ 
tain doors on the course of the outgoing blast. If the closure is complete, 
ami the blast suddenly opens the door, the result is an ; if the 

door is partly closed, and the air rushes with a hiss through: it, the result 
is an -ffljlf'r**" r if the door is nearly closed and its margins are thrown into 
vibration, the result is a ribvatin -; if the mouth is closed, and the sound 
has to find its way out through the nose, the result is a remnant . 

Those doors arc four in number; Briicke called them the urti dilution 
voKitions. They are— 

1. Between the lips. 

2. Between the tongue and hard palate. 

3. Between the tongue avd soft palate. 

4. Between the vocal cords. 

The following table classifies the principal consonants according to this 
plan :— 
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Ar nos?ti’on° n Explosives. - Aspirates. Vibratives. Resonants 


£-— 

I 

B, P. 

... F, V, W. ... — 

M. 

2 

T, D. 

... S,Z,L,Sch,Th.... R. 

N. 

3 

K, G. 

... J, Ch. ... Palatal R. 

.. Palatal N. 

4 

— 

... H. ...R of lower Saxon... 

,. - 



Defects of Speech. 



Speech is an action confined to man; experiments on animals are there¬ 
fore here inapplicable ; hence our knowledge of the nervous mechanism of 
speech defects depends on deductions drawn from the clinical and patho¬ 
logical study of disease. 

Speech may be absent in certain forms of lunacy, and temporarily in 
that defect of will called hysteria. 

It may be absent owing tn defeeta Children bom deaf are 

dumb also. This is because we think with remembered sounds, and in a 
person born deaf the auditory centres are never set into activity. By edu¬ 
cating the child by the visual inlet, it can be taught to think with the 
remembered shapes of the mouth and expressions of the face produced in the 
act of speaking, and so can itself speak in time. 

If a child becomes deaf before it is six or seven years old, there is a 
liability it will forget the speech it has learnt, and so become dumb. 

In congenital hemiplegia there may be speechlessness, especially if the 
injury is due to meningeal haemorrhage affecting the grey cortex of the left 
hemisphere. These children generally talk late, the right side of the brain 
taking on the function of the left. 

Disorders of speech and voice occur from affections of the larynx, 
and of the nerves which supply the larynx. Stammering,is a want -of -co¬ 
ordination between thc, . var.ujus muscles employed in the act o f sp eaking. 

Perhaps the most interesting of the disorders of speech, however, are 
those due to brain disease. These fall into three principal categories:— 

1. Aj/hemia .— A difficulty or inability to utter nr articulate word s It is 
often associated witn difficulty of swaliowingpand occurs ip lesions of the 
base . of the brain, especially o£,.piona_arid .. .bulb. The'blurring "of speech 
noticed'in most cases of apoplexy may also be included under this head. 

2. An itas i n. —This is a complex condition in which the will to speak 

exists, ancfalso the ability to speak, but the connection between the two is 
broken down. When the patient speaks, the words which be utters are 
well pronounced, but are not those he wishes to utter. This is often asso¬ 
ciated with Agraphia, a similar condition in respect to writing. It.is. the 
focm-o f disordered spee ch associated with disorganisation of Broca’s con¬ 
volution. " ------ --* . 

3. Amnesia. —This term includes a large class of cases in which the main 
symptom is losa.of memory for words, or a defect of the association of ideas 
of things with ideas of words, not as in aphasia with ideas of verbal action. 
Ajpumaia-ifr -associated, ’with lesions of the., .intellectual* 

ceAtreanf the enrtev he jgf l tbe Rola ndid area. We have seen that in this 
region of the brain there arc twcTimpoftant centres, the visual and the 
auditory, and the parts of these which are associated with words may be 
called the visual ward-eentn - arid the nuAifm-y imwrl .They have 
not, however, been anaromicallylocalised. In amnesia, either these centres 
themselves, or the tracts that connect them, are diseased or broken down. 

With regard to the auditor^ word-centre, impressions for the sounds of 
words are revived in one of these ways :— 

«. Spontaneous or volitional; owing to accumulated traces which con¬ 
stitute riiemory, a man when he wants to express his thoughts in words 
remembers the sounds it is necessary to use ; impulses pass to the motor- 
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centre (Broca’s convolution), thence to the nerve-centres, nerves, and 
muscles of the larynx, mouth, chest, &c., and the man speaks. 

b. In slight disease of the auditory word-centre, he is unable to do this, 
but if his mind is set into a certain groove he will speak; thus if the 
alphabet or a well-known piece of poetry be started for him he will finish it 
by himself. 

r. Mimetic. In more severe cases, a more powerful -stimulus still is 
needed ; he will repeat any words after another person, but forget them 
immediately afterwards. 

With regard to the visual word-centre as tested by writing, there are also 
three ways of reviving impressions for written words or letters. 

(a.) Spontaneous or normal. 

(b.) A train of thought must first be set going ; as, for instance, converting 
printed words into written characters. 

(/\) Mimetic ; he can only write from a copy. 

Two operations require the combined activity of both centres ; the first 
of these is reading aloud, the second is writing from dictation. 

In reading aloud, the impression of the words enters by the eyes, reaches 
the visual word-centre, travels across to the auditory word-centre, where 
the sounds of the words are revived and the person pronounces them. 

Writing from dictation is just the opposite ; there the impressions of the 
words enter by the ears, reach the auditory word-centre, travel across to 
the visual word-centre, where the shapes of the words are revived and the 
person writes them. 

In the investigation of any case of this kind there are always the follows 
ing six things to be inquired into :— 

1. Can the patient understand spoken words ? (The patient, of course, 
not being deaf.) If he cannot, the auditory word-centre is deranged. 

2. Can he repeat words when requested ? This tests the emission fibres 
from the auditory word-centre which pass through the motor-centres for 
speech in Broca’s convolution. If he cannot do this, the patient has 
aphasia. 

3. Can he write from dictation ? If he cannot, either the auditory or 
visual word-centre, or the fibres passing from the one to the other, are 
injured. 

4. Does he understand printed matter, and can he point out printed 
letters and words ? Can he read to himself 1 (The patient, of course, not' 
being blind.) This tests the visual word-centre. 

5. Can he copy written words ? This tests the channels from the visual 
word-centre to the motor-centres for movements of the hand in writing. 

6. Can he read aloud, or, what is the same thing, name objects he sees ? 
This is the opposite to writing from dictation, and tests the healthiness of 
the word-centres or the fibres which connect the visual to the auditory 
word-centre. 


CHAPTER XXXI. 

THE EYE AND VISION. 

The eyeball is contained in the cavity of the skull called the 
orbit; here also are vessels aW nerves for the supply of the eye¬ 
ball, muscles to move it, and a quantity of adipose tissue. In 
the front of the eyeball are the lids and lacrimal apparatus. 
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The eyelids consist of two moveable folds of skin, each of 
which is kept in shape by a thin plate of fibrous tissue called the 
tarsus. Along their” free edges are Tnsei"ted'’a*'number of curved 
Iiairs ( eyelashes ), which, when the lids are half closed, serve to 
protcEE the eye dn«+ mid frthrtr f"rd£ii bodies : their tactile 
sensibility, js also very. delicate. 


On the inner surface of the tarsus ar e disposed a ni umber of 
small racemose glands (Meibomian"), tlicTcfucts of wliicli open near 

-.. „q' Wa. v ' A 

theTree edge of the licTT"” “ . 


The orbital surface of each lid is lined by a delicate, highly 
sensitive mucous membrane (conjunctiva), which is continuous 
wdth the skin at rne free edge of each lid, and after lining the 
inner surface of the 'eyelid is reflected on to the eyeball, being 
somewhat loosely adherent to the sclerotic coat. Its epithelium, 
which is columnar, is continued over the cornea as its anterior 
epitheliufn, where it becomes stratified. At the inner edge of 
the eye the conjunctiva becomes continuous.. wi th the .. mu cous 
lining of the lacrimal sac and duct, which again is continuous 
with the" mucou^lnSISfBMiWgi the inferior meatus of the nose. 

The lacrimal <jhmd, composed of several lobules made up of 
a cini r esemb ling .the serous salivary glands, is lodged in the upper 
amT outer angle of the orbit. Its secretion, which issues from 
several ducts on the inner surface of the upper lid, under ordinary 
circumstances, jugfc. sufijeot tp .keep, the conjunqtiya moist. It 
passes out through two small openings (puncta lacrimalia) near 
the inner angle of the eye, one in each lid, into the lacrimal sac, 
and thence along the nasal duct mty..,_tli,U inferior jncatus of the 
nose. The excessive secretion poured out under the influence 
of any irritating vapour or painful emotion overflows the lower 
li d, in the form of tears. 

The eyelids are closed by the contraction of a sphincter muscle 
(orbicularis), supplied ln^ the facial nerve; the upper lid is raised 
by the levator palpebrce snpertoris, which is supplied by the third 
nerve. 


The Eyeball. 

The eyeball or the organ of vision (fig. 305) consists of a variety 
of structures w hich may be thus enumerated :— 

The sclerotic, or outermost* coat, envelops about fiv e-^i^thsmi f 
the eyfebaM'f’TSfi'finiious with it, in front, and occupying the 
remaining sixth, is t he. corn ea. Immediately within the sclerotic 
is the w at. and within the choroid is the retina. The 
interior of the eyeball is filled by the aqueous and vttre.n us m K*immu rs 
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and the crystalline. Jen s; but, also, there is suspended in the 
intCTlur'’(TciSitraetlTe and perforated curtail^—the iris, for regu¬ 
lating the admission dr“Tight, and behind at the junction of the 
sclerotic and cornea is the ciliary., nniscle, the function of which 
is to adapt the eye for seeing objects at various distances. 

S Mlctiviv "''Tho -sclerotic coat is com- 


Ciliary muscle— 

Ciliftiy process— 
Canal of Petit— 
Cornea— 
Anterior chamber— 

Txms — 
Iris- 

Ciliary process— 
Ciliary muscle— 



—Sclerotic coat 
—Choroid coat 
—Retina 


—Vitreous 
humour 


Fig. 305.—Section of the anterior four-fifths of the eyeball. 


posed of wh itft -fib rou s. tissue,,.with., .som e ..elastic -fibres- wear -the 
inner surface, arranged in variously disposed and interlacing 



Fig:. 306.—Vertical section of rabbit’s cornea. », Ahterior epithelium, showing the different 
shapes of the cells at various depths from the free surface; *, portion of the substance 
of cornea. (Klein.) 


layers. Many of the bundles of fibres cross the others almost 
airtight angles. It is strong, tough, and opaque, and not very 












330 


Mastic. j t • YB ANr> VISION. 

(^oro^n Sep T ted the oh ■, ^ * XXL 

t,ie Erotic c Qat it^f *""» Bo* 

,,w ' T,lerc is a ] ym _ 



"*&5sa- sas :c<( ^ v — 
/*■* *. *, „„„ ' 

V?\. J . 



out.) v 

Up of ] oos „ „ 1 * «°- (Klein 

'** S:ss z izggSzstz 

C ’ Witil which it is 



CH. XXXI.] 


THE CORNEA. 


continuous all round. It is covered by stratified epithelium 
(a, fig. 306), consisting of seven or eight layers of cells, of which 
the superficial ones are flattened and scaly, and the deeper ones 
more or less columnar. Immediately 
beneath this is the anterior homogeneous 

damhuL. of Bowrr^n .^Nnefi differs, only ^ 

in being more condensed tissue, from 

the general structure of the cornea. -.r 

This latter tissue, as well as its 
epithelium, is, in the adult, completely ~ n 

destitute of blood-vessels ; it^ consists — = ^= . 

of an intercellular ground-substance of r 

rather obscurely fibrillated flattened ■. . Sg 

bundles of connective tissue, arranged ~3~— v — — 

parallcl to the free surface, and forming 1 
the boundaries of branched anastomos- .„ 

ing spaces in which the corneal cor- - J J 

puscles lie. These corneal corpuscles 
have been seen to execute amoeboid ~--g- 

movement. At its posterior surface - 

the cornea is limited by the paster jar ■ ■ 

hoMLugeueous lamina, ■ or. memhveme of - 

Desc emei , which is elastic in nature, - —^- 3^*' A 

and lastly a single stratum of cubical 
epithelial cells (fig. 309, d). 

Nerves. —The nerves of the cornea 
are both large and numerous: the y a re d 

Fi. 309.-V^i ? l motion of xub- 

traverse the substance or the cornea, m b ‘* s *»mea, stained with gold 

. chloride, e, Stratified anterior 

which some of them near the anterior epithelium, immediately be- 
„ ■ . . . v j neath this is the anterior homo- 

surface nreak. up into axis cylinders, Jfeneous lamina of Bowman, w, 

and their primitive fibrillar. The latter gSSSptoSi andtlfndi'ng 

form a plexus immediately beneath the up fine twigs between the epi- 

. . ,. 1 ..—.--. . y .. ... thelial cells to end m a second 

epithelium, from which delicate fibrils plexus on the free surface ; <!, 

pass up between the cells anasto- ing of'aflne'elMtic^aj^r!and 

mosing with horizontal branches, and S^Se^thel^!®: 

forming an intra-epi thelial plexus. Most is seen to be fibrillated, and eon- 

c ,, 0 . "777 " ^ , -j , tains many layers of branched 

01 the primitive nbrillfe have a beaded corpuscles, arranged parallel to 

riM TTofi/mon onrtnararion fl^i »a oAvrtrin the free siirfucc, and here seen 

or varicose appearance. l UtL ^cornca edgewise. (Schofield.) 

has no blood-vessels penetrating it s 

structure, nor yet lyn^iatlc ve^ljpro|ier. I t is nourished by 
th e circulation o f lvipph in the spacesi in which the cornea 
c orpuscl es lie These communicate freely and form a lymph- 
canalicular system. 


Fig. 309.—Vertical section of rab¬ 
bit’s cornea, stained with gold 
chloride, e, Stratified anterior 
epithelium. Immediately be¬ 
neath this is the anterior homo¬ 
geneous lamina of Bowman. », 
Nerves forming a delicate sub- 
epithelial plexus, and sending 
up fine twigs between the epi¬ 
thelial cells to end in a second 
plexus on the free surface; < 1 , 
llesoemet’s membrane, consist¬ 
ing of a fine elastic layer, and 
a single layer of epithelial cells; 
the substance of the cornea, /, 
is seen to be fibrillated, and con¬ 
tains many layers of branched 
corpuscles, arranged parallel to 
the free surface, and here seen 
edgewise. (Schofield.) 
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Structure of the Choroid Coat (tunica vasculosa ).—This coat is 

attached to the inner layer of the 
sclerotic in front at the comeo-seleral 
junction and behind at the entrance o f 
th e optic ne rve, elsewhere It is con¬ 
nected to it only by loose connective 
tissue. Its external coat is formed 
chiefly of elastic fibres and large pig¬ 
ment corpuscles loosely arranged and 
containing lymphatic spaces lined with 
endothelium. This is the mprn- 
rhoroidea. More internally is a layer 
of arteries and veins arranged in a* J 
system of venous whorls, together with 
elastic fibres and pigment cells. The 
lymphatics, too, are well developed 
around the blood-vessels, and there are 
besides distinct lymph spaces lined with 
endothelium. Internally to this is a 
layer of fine capillaries, very dense and derived from the arteries 
of the outer coat and ending in veins in that coat. It contains 
corpuscles without pigment, and lymph spaces which surround 

1 
2 


Fig'. 3ii.—Section through the eye curried through the ciliary processes. i, cornea; 
2, membrane of Deseemet; 3, sclerotic; 3', eomeo-scleral junction; 4, cunal of 
Schlemm; 5, vein; 6, nucleated network on inner wall of canal of Behlemm; 
7, lig. pcctinatum indis, a1>c ; 8, iris stroma; '9, pigment of iris; 10, ciliary processes; 
ir, ciliary muscle; 12, choroid tissue; 13, meridional and 14, radiating fibres of ciliary 
muscle ; 15, ring-muscle of Muller; 16, circular or angular bundles of ciliary muscle. 
(Schwalbe.) 

the blood-vessels ( membrana chor io-carjiUarte). It is separated 
from the retina by a fine elastic membrane (membrane qfJBp&h), 
which is either structureless or finely fibrillated. ' 

The choroid coat ends in front in what are called the ciliary 




Fig. 310.—Section through the 
choroid coat of the human 
eye. 1, elastic membrane, 
structureless or finely flbril- 
lated ; 2. chorio-capillaris or 
tunica Ruyschiana ; 3, Pro¬ 
per substance of the choroid 
with large vessels cut 
through ; 4, suprachoroidea ; 
.4, sclerotic. (Schwalbe.) 
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Fig. ,ti2.—Ciliary proconBeK, as seen from 
behind, s, posterior surface of the iris, 
with the sphincter muscle of the pupil; 

2, anterior part of the choroid coat ; 

3. one of the ciliary processes, of which 
about seventy are represented. $. 
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processes (figs. 311, 312). These consist of from 70 to 80 meridion¬ 
ally arranged radiating plaits, which consist of blood-vessels, fibrous 
connective tissue, and pigment corpuscles. They are lined by a 
continuation of the membrane of Bruch. The ciliary processes ter¬ 
minate abruptly at the margin 
of the lens. The cil iary musc le 
(13, 14 and 15, fig. 3iiXtakhs 
origin at the cornoo - scleral 
junction. Tt is a ring of muscle, 

3 mm. broad and 8 mm. thick, 
made up of fibres running in three 
directions, (a) Meridional fibres 
near the sclerotic and passing 
to the choroid ; (//) radial fibres 
passing to be inserted into the 
choroid behind the ciliary pro¬ 
cesses ; and (c) circular fibres 
(muscle of Muller), more inter¬ 
nal ; they constitute a sphincter. 

The Iris. — The iris, is a 001 1- 

beyond the ciliary pr ocesses. 11 
iif ViTffifxMiTuseiuju^membrane perforated by a central aperture, the 
pupil. It is made up chiefly of blood-vessels and connective tissue , 
with, pigment an d 

Posteriorly is a layer of pigment cells ( uvea ), which is a con¬ 
tinuation forwards of the pigment layer of the retina. The 
structure of the iris proper is made of connective tissue in 
front with corpuscles which may or may not be pigmented, 
and behind of similar tissue supporting blood-vessels enclosed in 
connective tissue. The pigment cells are usually well developed 
here, as are also many nerve-fibres radiating towards the pupil. 
Surrounding the pupil is a layer of circular unstriped muscle, the 
sphincter pvpilla -. In some animals there are also muscle-fibres 
which radiate from the sphincter in the substance of the iris forming 
the dilatator pvpilla. The iris is covered anteriorly by a layer of 
epithelium continued upon it from the posterior surfaceof the cornea. 

The Lens .—The lens is sit uated behind th e iris, being enclosed 
in a distinct capsule, the posteri or su rface oTwYiich j s j ess tliick 
than the anterior. It is suppoi^ed'Trr^ace tij^TFuT’suspensVny 
lig&tllUMt^ fused to the anterior surface of the capsule. The 
suspensory liga ment is derived "from the hyaloid membrane T winch 
encloses the viireous humour 

It is made up of a series of concentric la minin (fig. 3 13), which 
when it has been hardened, can be "peeled 11 off Tnce the coats of 
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.an onion. The lamina; consist of long ribbon-shaped fibres, which 
in the course of development have originated from cells. 

The fibres near the margin have nuclei and are smooth, those 

near the centre are without nuclei 



Fig. 13.—Laminated structure of 
the crystalline lens. The lamina; 
are split up after hardening in 
alcohol. 1, the (JenHcr central 
part or nucleus : 2, the succes¬ 
sive external layers. ?. 

(Arnold.) 


and have serrated edges. They are 
hexagonal in transverse section. The 
fibres are united together by a seauty 
amount of cement substance. The 
central portion ( nucleus ) of the lens 
is the hardest. 

The epithelium of the lens con¬ 
sists of a layer of cubical cells an¬ 
teriorly, which merges at the equator 
into the lens fibres. The develop¬ 
ment of the lens explains this trans¬ 
ition. The lens at first consists of 
a closed sac composed of a single 
layer of epithelium. The cells of 


the posterior part soon elongate for¬ 
wards and obliterate the cavity ; the anterior cells do not grow, 


but at the edge they become continuous with the posterior cells, 
which are gradually developed into fibres (fig. 314). The 
principal chemical constituent of the lens is a proteid of the 
globulin class _e 9 nTed cry stall in . 

Corneoscleral junction .—At this junction the relation of parts 
-(fig. 311) is so important as to need a short description. In the 
neighbourhood, the iris and ciliary processes join with the cornea. 
'The proper substance of the cornea and the posterior elastic lamina 



Tig. 314.—Meridional section through the lens of a rabbit, i. Lens capsule; z, epithelium 
of lens; 3, transition of the epithelium into the fibres ; 4, lens fibres. (Uubuchin.) 


become continuous with the iris, at the angle of the iris, and the 
iris sends forwards processes towards the posterior elastic lamina, 
forming the ligamentum pectinatum i ridis. and these join with 
fibres of the, elastic lamina. The epithelial covering of the 
posterior surface of the cornea is, as we have seen, continuous 
-over the front of the iris. At the iridic angle, the compact inner 
substance of the cornea is looser, and between the bundles are 
lymph spaces filled with fluid, called the spaces of Fontana. They 
--are little developed in the human cornea. 
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The spaces which are present in the broken up bundles of 
•corneal tissue at the angle of the iris, are continuous with the 
larger lymphatic space of the anterior chamber. Above the angle 
at the corneo-scleral junction is a canal, which is called the canal 
of Schlem m. It is a lymphatic channel. 

Structure of the Retina .—The retina (fig. 315) is a delicate 
membrane, concave with the concavity directed forwards and 
apparently ending in front, near the outer part of the ciliary 
processes, in a finely notched edge,—the ora serrata . but really 
represented by the uvea to the very margin of the pupil. It 


results from the expansion 

of.jthe . opiIc..jaGc.ve, of 

whose terminal fibres, de¬ 
prived of their external 
white substance, together 
with nerve-cells, it is es¬ 
sentially composed. The 
presenc e of nerver celk in 
the retina which come 
into contact with the rods 
and cones (visual nerve- 
epithelium) reminds us 
that the optic, like the 
olfactory nerve, is not a 
mere nerve, but 

of the 1)1^ . 

Exactly in the centre • 
of the retina is a round 
yellowish elevated spot, 
about of an inch 

(1 rum.) in diameter, hav¬ 
ing a depression in the 
centre, called after its 
discoverer the macula 
lutea , or yellow spot of 
imerina. The depres¬ 
sion in its centre is called 


the invert. ren.t.ra lix About 
iV of an inch (2^5 -mm.) 
to the inner side of the 


yellow spot, is the poi 
{optic disc or white sat 
at which the optic ner 



a 


Fig. 315.—A Section of the retina, choroid, and part 
of the sclerotic, moderately magnified; a, mem- 
brana limitans interna ; b, nerve-fibre layer 
traversed by Haller’s sustentacular fibres; 
c, ganglion-cell layer; d, internal molecular 
layer; e, internal nuclear layer; f, external 
molecular layer; g, external nuclear layer; 
h, membrana limitans externa, running along 
the lower part of i, the layer of rods anal cones; 
ft, pigmerft oell layer; Im, internal and external 
/ vascular portions of the choroid, the first 
containing capillaries, the second larger blood¬ 
vessels, cut in transverse section ; n, sclerotic. 

*{W. Pye.) 


enters the eyeball, and begins to spread out its fibres into the retina. 
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The optic nerve passes forwards from the ventral surface of the 
cerebrum towards the orbit enclosed in prolongations of the 
membranes, which coye r the brai n. The external sheath at the 
entrance df’tlie'iicrve into the eyeball becomes continuous with 
the sclerotic, which at this part is perforated by holes to 
allow of the passage of' the optic nerve fibres, the perforated 
part being the lamina rribrosa. The pia mater here becomes 
incomplete, and the subarachnoid and the superarachnoid 
spaces become continuous. The pia mater sends in processes 
into the nerve to support the fibres. The fibres of the 
nerve themselves are exceedingly fine, and are surrounded by the 
myelin sheath, but do not possess the ordinary external nerve 
sheath. As they pass into the retina they lose their myelin 
sheaths and proceed as axis cylinders. Neuroglia supports the 
nerve fibres in the optic nerve trunk. In the centre of the nerve 

is a small arterv, the arteria 
centralis retina-. The number of 
fibres in the optic nerve is said 
to be upwards of 500,000. The 
axis cylinders pass on to the 
retina, turning over the edges of 
the jtorvs opticus, to be distributed 
on the inner surface of the retina, 
as far as the ora serrata, as the 
layer of optic nerve-fibres. 

The retina consists of certain 
elements arranged in ten layers, 
from within outwards (figs. 315, 
316, 3 1 7 )- 

1. Membrami limitans interna : 
This so-called membrane in con¬ 
tact ^ wi th the, .vitreous-.hum our i s 
formed by the junction laterally 
of the bases of the smtmtarjdar 

or supporting filnuat . qf. Muller, 

which bear the same relation to 
the retina as the neuroglia does 
to the brain. The supporting 
character of these fibres in ay be 
seen in fig. 316. 

2. Optic nerve fibres .—This 
layer is of very varying thickness in different parts of the 
retina: it consists of non-medullated fibres which interlace, and 
some of which are continuous with processes of the large nerve- 



F%. 316.—Diagram showing the susten- 
taeular fibres of the retina ; f, fibre- 
basket above the external limiting; 
membrane r m , nucleus of the fibre ; 
r, base of the fibre. (From MucKen- 
driek, after Stohr.) 
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cells forming the next layer. The fibres are supported by the 
sustentacular fibres. They become less and less numerous ante¬ 
riorly and end at the ora serrata. 

3. Layer of ganglion cells , consisting of large mul tipol ar nerve- 
cells with large and round nuclei, forming either a single layer, or 
as in some parts of the retina, especially near the macula lutea, 
where this layer is very thick, it consists of several strata of nerve- 
cells. They are arranged 

with their single axis 
cylinder-processes inwards. 

These pass into and are 
continuous with the layer 
of optic nerve-fibres. Ex¬ 
ternally the cells send off 
several branched processes 
which pass into the next 
layer. 

4. Inner molecular layer. 

—This presents a finely 
granulated appearance. It 
consists of neuroglia tra¬ 
versed by numberless very 
fine-fibrillar processes of the 
nerve-cells and the minute 
branchings of the processes 
of the bipolar cells of the 
next layer. 

5. Inner nuclear layer. 

—This consists chiefly of 
n umerous small round cells, 
with a very small quantity 
of protoplasm surrounding 
a large ovoid nucleus; they 
are generally bipolar, giving 
off one process outwards 
and another inwards. One 
process passes inwards to 
intermingle with the arbo- 
risation of the ganglion 

cells, the other outwards to similarly arborise with, the branchings 
of the rod and cone fibres. Some cells, called spongioblasts , 
however, only send off one process, which passes inwards. The 
large oval nuclei (fig. 316) belonging to the Mullerian fibres oocur 
io this layer. 

x.p. z 



Fig. 317.— Diagram showing the nervous ele¬ 
ments of retina, r, nerve fibre to ganglion 
cell: 2, processes of ganglion cell going out¬ 
wards ; 3, nerve fibre passing direct to bipolar 
cell in inner nuclear layer; 4, process of gan¬ 
glion cell towards bipolar cell; 5, fibre from 
cone-granule breaking up into fibrils which 
arbonse roiind the branches of bipolar cells. 
(From MacKendriek, after Stdhr.) 
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6. Outer molecular layer.- 



This layer closely resembles the 
inner molecular layer, but 
is much thinner. It contains . 
theJbtranchin gs . . . of, JJiB-XQ<L 
and cone fib re s on the op e 
hand and of^thei—bipolar 
cells, on-the other..-- 

7. External nuclear layer. 
—This layer consists of 
small cells resembling at 
first sight those of the in¬ 
ternal nuclear layer ; they 
are classed as rod and cone 
fibres, according as they are 
connected with the rod sand, 
cones respectively, and will 
be described with them. 
They arc lodged in the 
meshes of a framework, 


Fig. 318.—The posterior half of the retina of the 
left eye, viewed front before ; s, the ci}t edge 
of the Bclerotic coat; ch, the choroid; r, the 
retina; in the interior at the middle the 

macula lutea with the depression of the fovea . ... . . L . , , 

centralis is represented by a slight oval shade ; “"Which IS due to the break' 
towards the left side the light spot indicates 
the colliculus or eminence at the entrance of 
the optic nerve, from the centre of which the 
arteria centralis is seen spreading its branches 
into the retina, leaving the part occupied by 
the maoula comparatively free. 

(After Henle.) 


ing up of the Mullerian 
fibres. 

8. Membrana limit an s 
externa .—A delicate well- 


defined membrane, clearly 
marking the internal limit of the rod and cone layer, and made up 
of the junction of the bases of the sustentacular fibres externally. 



Kg. 31?. —Section through half of the maeula lutea and fovea centralis of human retina. 
a, fovea, b, descent of the macula towards fovea. The numbers indicate the layers 
of the retina. (Kuhnt.) 


Small hairlike processes project' outwards between the rods and 
cones to support them. 

9 V - Layer of rods and cones .—This layer is the nerve-epithelium 
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of the retina. It consists of two kinds of cells, rods and cones, 
which are arranged at right angles to the external limitans mem¬ 
brane, and supported by hairlike process (basket) proceeding from 
the latter for a short distance. 

The rods .—Each rod (fig. 317) is made up of two parts, very 
different in structure, called the outer and inner limbs. The outer 
limb of the rods is about 30/x long and 2\x broad, is transparent, and 
doubly refract ive. It is said to be made up of fine superimposed 
discs. It stains with osmic acid but not with hsematoxylin, and 
resembles in some ways the myelin sheath of a medullated nerve. 
It swells up on exposure to light, and is the par t ofthelayer in 
which t he pigmen t called vi&uctt ■»wyZgJa_fm ind. The inner limb 
is about as long but slightly broader than the outer, is longitudi¬ 
nally Kfcym-fctt d- at, its ontpr and, granular . at , ita innan por t. It 

stains with hsematoxylin but not with' osmic acid. Each rod 
so constructed is connected internally with a rod fibre, very 
fine, but here and there varicose; in the middle of the fibre is 
a rj#L — gvaamle, really the 
nucleus of the rod, striped 
broadly transversely, and 
sit uated about the middle of 

^ niLt,Wr ln j™ r ; 

the internal' end of the rod 
fibre terminates in minute 
branchings in the outer 
molecular layer. 

The cones. — Each cone 
(fig. 317), like the rods, 
is made up of two limbs, 
outer and inner. The outer 
limb is tapering and not 
cylindrical like the corresponding part of the rod, and about one- 
third only of its length. There is, moreover, 119 visu al pp^p le 
found i n the co ne. The inner limb of the cone is broader in the 
centre. It is protoplasmic, and under the influence of light has 
been seen to execute movements. In birds there is often a 
coloured oil globule present here. Each cone is in connection by 
its internal end with a cone fibre, which has much the same 
structure as the rod fibre, but is much stouter and has its nucleus 
<iuite near to the external limiting membrane. Its inner end 
terminates by branchings in the external molecular layer. 

In the rod and cone layer of *birds, the cones usually predomi¬ 
nate largely in number, w hereas in man the rods are..by far the 
ni ore numerous, exce pUn-the f ovea centr alis^where cones onl y ar e 



Fig. .120.— Pigment—cells from the retina. A, 
cells still cohering, seen on their surface; 
«. nucleus indistinctly seen. In the other 
> cells the nucleus is concealed by the pig¬ 
ment granules, B, two cells seen in profile ; 
«, the outer or posterior part containing 
scarcely any pigment, x 370. (Henle.) 
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present*, as. is the, case at the anterior.part of-thejetina near-the ora 
serrata. The number of cones has been estimated at 3,000,000. 

10. Pigment-cell layer consists of a single layer of polygonal 
cells, mostly six-sided, which send down a beard-like fringe to 
surround the outer ends of the rods. It is this layer which is 
continuous with the uvea, where, however, the cells become 
rounded, and arranged two or three deep. 

The next figure represents the structure of the retina as made 
out by Golgi’s method. 

Differences in Structure of different jiarts .—Towards the centre 
of the macula lutea all the layers of the retina become greatly 
thinned out and almost disappear, except the rod and cone layer, 
which considerably increases in thickness, but at the fovea centralis 



Fig. 321.—Scheme of the retinal elements. A, cones of the fovea centralis; B, granules 
(nuclei) of theBe cones; C, articulation between the cones and bipolar cells in external 
molecular layer; I), articulation between the bipolar and ganglion cells in the internal 


<fy; h, optic nerve; », terminal arborisations of optic nerve fibres in geniculate 
body ; j, fibres from the cells of geniculate body on the way to cerebral cortex. (K. y 
Cajal.) 


comes to consist almost entirely of long slender cones and cone- 
fibres, which curve towards the periphery. They are supported 
by neuroglia, which is also found internally as a thin layer. 
There are capillaries here, but none of the larger branches of the 
retinal arteries. 

Towards the edge of the macula lutea, not only are all the 
layeTs present, but the ganglionic layer consists of several strata 
of cells, and with this increase there is also an increase in the 
thickness of the inner nuclear layer. Towards the centre the 
layers diminish in this order : optic nerve fibres, ganglionic layer, 
inner molecular layer, and innei* nuclear layer. The rods grow 
scanty and then are absent. ' v 

At the ora serrata the layers are not perfect and disappear in 
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this order: nerve-fibres and ganglion cells, then the rods, leaving 
only the inner limbs of the cones, next these cease, then the outer 
molecular layer, the inner and outer nuclear layers coalescing, 
and finally the inner molecular layer also is unrepresented. 

At the pars-ciliaris retinae, the retina is represented by a layer 
of columnar cells, derived from the fusion of the nuclear layers. 
The cells externally are in contact with the pigment layer of 
the retina, which is continued over the ciliary processes and back 
of the iris. 

At the entrance of the optic nerve the only structures pre¬ 
sent are nerve-fibres. 

The chambers of the eve .—The anterior chamber is the space 
behind the cornea and in front of the lens.It is filled with aqueous 
humour,"wfnch*is difuted’lymph. 

The posterior chamber, or that behind the lens, contains the 
vitreous humour, which is a jelly-like connective tissue (see p. 52). 
It is enclosed in a membrane called memlrrana hyaloidea. In 
front it is continuous with the capsule ~ol the lens; round the 
edge of the lens the canal left is called the Ca nal of Petit, the 
membrane itself being the Zonule of Zinn. The hyaloid mem¬ 
brane separates the vitreous from the retina. 

Blood-vessels of the Eyeball. —The i» Yfiiy vic fcly suppl ied 

with blood-vessels. In addition to the conjunctival vessels which 
are^IeiWgil^ffbm the palpebral and lacrimal arteries, there are 
at least two other distinct sets of vessels supplying the tunics of 
the eyeball. (1) The vessels of the sclerotic, choroid, and iris, 
and (2) the vessels of the retina. 

(1.) Those are the short and long poster ior.. cilia ry arteries 
which pierce the sclefbtic ''in ^hT^steriorTTalf of the eyebaTI,‘k'nd 
the anterior ciliary which enter near the insertions of the recti. 
These vessels anastomose and form a very rich choroidal plexus ; 
they also supply the iris and ciliary processes, forming a very 
highly Vascular circle round the outer margin of the iris and 
adjoining portion of the solerotic. 

The distinctness of these vessels from those of the conjunctiva 
is well seen in the difference between the bright red of blood-shot 
eyes (conjunctival congestion), and the piuk'zofflTMHOTQiding the 
cornea which indica tes deep-seated cilia ry congestion. 

(2.) The retinal vessels (fig. 318) are^deriveil fiom the arteria 
centralis retina?, which enters the eyeball along the centre of the 
optic nerve. They ramify all over the retina, in its inner layers. 
They can be seen by ophthalmoscopic examination. 
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'The Eye as an Optical Instrument. 


The eye may be compared to a photographic camera, and the 
transparent media correspond to the photographic lens. In such 
a camera images of external objects are thrown npq fl fr g roun d- 
g lass screen ft the ba ck of a box, the interior of which is painted 
black. In the eye, the camera is represented by the eye-ball 
w’lth its pigment, the screen by the, layer of rods and cones 

of the retina," and the lens by the refracting media..Tn tTuTease 

oT the camera, the screen is enablecr to receive clear images or 
objects at different distances, by an apparatus for focussing. 
The corresponding contrivance in the eye is called. accomtno - 
dation. 

""The iris, which is capable of allowing more or less light to pass 
into the eye, corresponds with the diaphragms used in the photo¬ 
graphic apparatus. := ’~--- 

The refractive media ar e the cornea, aqu eo q fi humor, crystal¬ 
line lens, and vitreous., humor. The most refraction or bending 
of the rays of light occurs where they pass from the a ir into the 
corn ea ; they are again bent slightly in passing through jEKe 
crystalline lens. Alterations in the anterior curvature or the 
erysiffilftlTTens lead to what we have already te rmed accomm o- 
dation—that is, the power the eye has for adjusting itself to 
oBjects*at different distances. 


In its simplest form, we may consider the refraction through 
a simple transparent spherical surface, separating two media of 
diffijjgtMi^msity. 

The rays of light which fall upon the surface exactly perpen¬ 
dicularly do not suffer refraction, but pass through, cutting the 
optic axis (O A, fig. 322), a line which passes exactly through the 
centre of the surface, at a certain point, the moe fal voint ffig. xz2 , N), 
or centre of curvature. Any rays which " 3 o not' so smkb the 
curved surface are refracted towards the optical axis. Rays 
which impinge upon the spherical surface parallel to the optical 
axis, will meet at a point behind, upon the said axis which is 
called t he chief p osterior focus (fig. 322,, F,); and again there 
is a point m Uic fiffHfilF'SS'lB 111 fffiSr of the surface, rays of 
light from which so strike the surface that they are refracted in 
a line parallel with the axis d f"; this point (fig. 322, F 4 ) is 
called the chief an teriorjfocus. The optic axis cuts the surface 
at w hat is called the princ^gl point , " ' ' 

ins quite obvious ITiatthe eye, even in the simplified form 
above indicated, is a much more complicated optical apparatus 
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than the one described in the figure. It is, however, possible 
to reduce the refractive surfaces and media to a simpler form 
when the refractive indices of the different media and the 



Fig. 322.—Diagram of a simple optical system (after M. Foster). The curved surface, 
ft, d, is supposed to separate a less refractive medium towards the left from a more 
refractive medium towards the right. 


curvature of each surface are known. These data are as 
follows :— 


Index of refraction of cornea 

„ „ aqueous and vitreous 


v » - lens 

Radius of curvature of cornea 

„ „ ■ anterior surface of lens 

,, „ posterior „ 

Distance from anterior surface of cornea 
and anterior surfnee of lens 
Distance from posterior surface of cornea 
and posterior surface ©f lens 
Distance from posterior surface of lens to 
retina • 


= 1'34 to 1-36 

_ j 1‘4 in outer to i ‘45 
\ m inner part. 

= 7‘8 mm. 

=? 10 „ 


= 3'6 .. 

= 72 ,, 

= l 5 '° » 


With these data, it has been found comparatively easy to reduce 
by calculation the different surfaces of different curvature, into 
one mean curved surface of known curvature, and the differently 
refracting media, into one mean medium the refractive power of 
which is known. 

The simplest so-called schematic eye formed upon this prin¬ 
ciple, suggested by Listing as the reduced eye , has the following 
dimensions:— 

From anterior surface of cornea to the 

principal point . . . . . = 2‘3448 mm. 

From the nodal point to the posterior sur¬ 
face of lens . . . . . . = '4764 mm. 

Posterior chief focus lies behind cornea . = 22*8237 mm. 

Anterior chief focus in front of cornea . . = 12*8326 mm. 

Radius of curvature of ideal surface . . = 5*1248 mm. 
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The term index of refraction means the ra tio of the sine o f the 
angle of incidence to that of the angle of refraction ; this is 
shown in the next figure. 


V 


I 



Kg. 3 2 3-~If P I >/ is a line ■which separates two media, the lower one being* the denser, and 
O A is a ray of light falling on it, it is bent at O towards the normal or perpendicular 
line N N\ A O is called the incident ray, and O B the refracted rav ; A O N is called 
the angle of incidence (*), and N' O 0 the angle of refraction (r). If any distance 
O X is measured off along O A, and an equal distance O X' along O B and perpen- 

diculars drawn toNN ; then^T, = index of refraction. 

In this reduced or simplified eye, the principal posterior focus, 
about 23 mm. behind the spherical surface, would correspond to the 



position of the retina behind the anterior surface of cornea. The 
refracting surface would be situated about midway between the 
posterior surface of the cornea and the anterior surface of the 
lens. 
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The optical axis of the eye is a line drawn through, the 
centres of cnrnqa and lens, prolonged h ack- 

ward to touch tlie“eTiha between the poruSf optfiSU'S' &hd fovea 
centralis, and this differs from the visual axis which passes 
through the nodal point of the reduced eye to the fovea 
centralis; this forms an angle of 5 ° with the optical axis. But for 
practical purposes the optical axis and the visval axis may be 
considered to be identical. The visual or optical angle (fig. 324) is 
included between the lines drawn from the borders of any object 
to the nodal point; if the lines be prolonged backwards they 
include an equal angle. It has been shown by Helmholtz that the 
smallest angular distance between two points which can be appre- 



Pig. 325.—Diagram of the course of the rays of light, to show how an image is formed 

upon retina. The surface C C should be supposed to represent the ideal curvature. 

ciated = 50 seconds, the size of the retinal image being 3'65^; 
this practically corresponds to the diameter of the cones at the 
fovea centralis which = 3/x, the distance between the centres 
of two adjacent cones being = 4p. 

Any object—take, for instance, the arrow A B (fig. 325)— 
may be considered as a series of points from each of which a 
p encil of ligh t diverges to the eye. Take, for instance, the rays 
diverging from the tip of the arrow A; C C represents the cur¬ 
vature of the schematic or reduced eye ; the ray which passes 
through the centre of the circle of which C C is part is not 
refracted ; this point is represented as an asterisk in fig. 325 ; it 
is near the posterior surface of the crystalline lens; the ray A C, 
which is parallel to the optic axis 0 O', is refracted through the 
principal posteri or focus P, and cuts the first ray at the point A' 
on the retina. All the other §£fne 

point. Similarly the other end of the arrow B is focussed at B', 
and all other points have corresponding focusses. 

It will thus be seen that an inverted image is formed on the 
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re tina of external objects . The retina is a curved screen, but 
the' images fall only on a small area of the retina under normal 
circumstances; hence for practical purposes this small area may 
be replied .as flat. 

ie question then arises, Why is it that objects do not appear 
to' us to be upside down 1 This is easily understood when we 
remember t hat the sensatio n oLyi ght occur s not in the eve, but 
in the b raim J 5 y eiil{ucaTTon""llie brain "''fS&fflfc' 1 that the tops of' 
objects excite^ certain portions of the retina, and the lowerTSSTts 
oTobjects other portions of the retina. That these portions of 

the retina are reversed in position to 
the parts of the object does not matter 
at all, any more than it matters when 
one’s photograph arrives home from 
the photographers that it was wrong 
way up in the photographer’s camera 
—one puts it right way up in the 
photograph album. 



Accommodation. 

The power of accommodat ion, or 
the adaptation of the eve to vision, at 
diffetinl. distances, is primarily due to 
a varying shape of the lens, its front 
surface becomin g more or les s convex, 
according as the aistahce oftllieobjeet 
looked at is near or far. The neare r the obje ct. the* r^m-R 
convex, up to a certain limit, the front surface of the lens 
becomes, and vice versd ; the back surface taking no share in the 
production of the effect required. And this surface, wh ich during 
rest is more convex than the anteri or, becomes the less convex of 
the two during accommodation. ‘The following simple experiment 
illustrates this point : If a lighted candle be held a little to one 
side of a person’s eye an observer looking at the eye from the 
other side sees three images of the flame (fig. '3 26). The first 
and brightest is(i) a small er ect image formed by the anter ior 
convex surf ace of the_c omea ; thelsecona (T^'Is'aTso erect, but larger 
and less distinct Inan the preceding, and is formed at the anterio r 
c onvex su rface of the 1«ns ; the third (3) is smaller, inverted, and 
incRstinct; it is formed at the posterior surface of the lens, which 
is concave forwards , and therefore, like all concave mirrors, 
giv«fe an inverted image. If now the eye under oDS&rvation be 
made" W ISoE'"ftt' S, 1 Hear object the second image becomes smaller, 


Fig. 3*6.— Diagram showing three 
reflections of a candle, i, From 
the anterior surface of cornea ; 
2, from the anterior surface of 
lens; 3, from the posterior 
surface of lens. For further 
explanation, see text. The 
experiment is best performed 
by employing an instrument 
invented by Helmholtz, termed 
a Phakotcopr. (see flg. 328). 
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clearer, and approaches the first. If the eye be now adjusted for 
a far point, the second image enlarges again, becomes less distinct, 
and recedes from the first. In both cases alike the first and 
third images remain unaltered in size, distinctness, and relative 
position. This proves that during accommodation for near objects 
the curvature of the cornea, and of the posterior surface of the lens, 
remains unaltered, while the anterior surface of the lens becomes 
more convex and approaches the cornea. 

The experiment (fig. 327) is more striking when two candles are 
used, and the images of the two candles from the front surface of 
the lens during accommodation not only approach those from 




A B 

Fig. 327.—Diagram of Sanson’s images. A, when the eyes are not, and B, when they 
are focussed for near objects. The fig. to the right in A and B is the inverted image 
from the posterior surface of the lens. 


the cornea, but also approach one another, and become some¬ 
what smaller. (Sanscm $ Images.) Helmholtz* Phakoscope (fig. 
328) is a triangular box with arrangements for demonstrating 
this experiment. 

Mechanism of accommodation .—The len s.. having no inhere nt 
power of contraction , its changes of outline must be procTuced by 
sowtf^ower L from witITouT;' tUfS v 'power is supplied by the ciliary 
muscle. Its action is to draw forwards the choroid, and by so 
doing to slacken the tension of the suspensory ligament of the 
lens which arises from it. The anterior surface of the lens is 
kept flattened by the action of this ligament. The ciliary 
muscle during accommodation, by diminishing its tension, dimi¬ 
nishes to a proportional degree the flattening of which it is the 
cause. On diminution or cessation of the action of the ciliary 
muscle, the lens returns to its former shape, by virtue of the 
elasticity of the suspensory ligament (fig. 329). From this it 
will appear that the e ye is u sually f ocussed for dista ™* phj Q/ ** a 
In viewing near objects the ciliary muscle contracts, the opposite 
effect taking place on withdrawal of the attention from near 
objects, and fixing it on those distant. 
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Range of Distinct Vision. Near-point .—In every eye there is a 
limit to the power of accommodation. If a book be brought 



Fig. 328.—-Fhakoscope of Helmholtz. At B B' are two prisms, by whioh the light of a 
candle is concentrated on the eye of the person experimented with, which is looking 
through a hole in the third angle of the box opposite to the window C. A is the 
aperture for the eye of the observer. The observer notices three double images, as in 
fig- 3*7, reflected from the eye under examination when the eve is fixed upon a distant 
object; the position of the images having been noticed, the eye is then made to 
focus a near object, such as a reed pushed up at C; the images from the anterior 
surface of the lens will be observed to move towards each other, in consequence of 
the lens becoming more convex. 

nearer and nearer to the eye, the type at last becomes indistinct, 
and cannot be brought into focus by any effort of accommodation, 



Kg. 329.—Diagram representing by dotted lines the alteration in the shape of the lens on 
accommodation for near objects. (E. Landolt.) 
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however strong. This which is termed the near-point , can be 
determined by the following experiment (ScJemerJ.Two small 
holes are pricked in a card with a pin not more than a twelfth of 
an inch (2 mm.) apart, at any rate their distance from each other 
must not exceed the diameter of the pupil. The card is held close 
in front of the eye, and a small needle viewed through the pin-holes. 
At a moderate distance it can be clearly focussed, but when 
brought nearer, beyond a certain point, the image appears double 
or at any rate blurr ed. This point where the needle ceases to 
appear single is the near-point. Its distance from the eye can of 
course be readily measured. It is us ually about g orjS-iaehes 
(13 cm.). In the accompanying figure~~(iigT33o) the lens b repre¬ 
sents the eye; ef the two pin-holes in the card, nn the retina; 
a represents the position of the needle. When the needle is at a 
moderate distance, the two pencils of light coming from e and/, 
are focussed at a single point on the retina <m. If the needle be 



Pig. 330.—Diagram of experiment to ascertain the minimum distance of distinct vision. 

brought nearer than the near-point, the strongest effort of accom¬ 
modation is not sufficient to focus the two pencils, they meet at a 
point behind the retina. The effect is the same as if the retina 
were shifted forward to mm. Two images h.g. are formed, one 
from each hole. It is interesting to note that when two images 
are produced, the lower one g really appears in the position q, 
while the upper one appears in the position p. This may be 
readily verified by covering the holes in succession. 

During accommodation two other changes take place in the eyes: 

(1) The eyes converge by the action of the ocular muscles. 

(2) The pupils contract. The contraction of all of the muscles 
"'hioh have to do with accommodation, viz. of the ciliary muscle, 
of the recti muscles, and of the sphincter pupillse is under the 
control of the third nerve. 
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Defects in the Optical Apparatus. 

Under this head we may consider the defects known as (i) 
Myopia, (2) Hypermetropia, (3) Astigmatism, (4) Spherical Aber¬ 
ration, (5) Chromatic Aberration. 

The normal (emmetropic) eye is so adjusted that parallel rays 



Kg. 331.—Diagrams showing—1, normal (emmetropic) eye bringing parallel rays exactly 
to a focus on the retina; 2, normal eye adapted to a near point; without accommo¬ 
dation Hie rays would be focussed behind the retina, but by increasing the curvature 
of the anterior surface of the lens (shown by a dotted line) the rays areroeussed on the 
retina (as indicated by the meeting of the two dotted lines); 3, hypermetropic eye ; in 
this case the axis of the eye is shorter than normal; parallel rays are focussed behind 
the retina; 4, myopic eye; in this case the axis of the eye is abnormally long; 
parallel rays are focussed in front of the retina. 

are brought exactly to a focus on tile retina without any effort of 
^accommodation (i, fig. 331). Hence all objects except near ones 
(practically all objects more than twenty feet off) are seen without 
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any effort of accommodation; in other words, the far-point of the 
normal eye is at an infinite distance. In viewing near objects we 
are conscious of the effort (the contraction of the ciliary muscle) 
by which the anterior surface of the lens is rendered more convex, 
and rays which would otherwise be focussed behind the retina are 
converged upon the retina (see dotted lines 2, fig. 331). 

x. Myopia (short-sigh t) (4, fig- 331).—This defect is due tojam 
abnor mal elongati on of t.fin gyahall. The retina, is too far from 
the "lens and consequently parallel rays are focussed in front of 
the retina, and, crossing, form little circles on the retina; thus 
the images of distant objects are blurred and indistinct. The eye ' 
is, as it were, permanently adjusted for a near-point. Rays from 
a point near the eye are exactly focussed in the retina. But 
those which issue from any object beyond a certain distance ( far- 
point) cannot be distinctly focussed. This defect i s cor rected by 
c oncave glasses w hich cause the rays enteri ng th e eye to diverge : 
Deuce tney cfo not cdrrie To ’a focus so soon. Such glasses of 
course are only needed to give a clear vision of distant objects. 
For near objects, except in extreme eases, they are not required. 

2. Hypermetropia (3, fig. 331).—This is the reverse defect. 

The eyeball is too sho rt. P arallel rays are . fo cuss ed behind tfie 

return.: an effort o f ?.oonmpredation is required to focus ev en par allel 1 
raya-Oil_th0Jcetina ; and wheh tEey^e dTver^nt. as in viewing a' 
near object, the accomniodatioij. Js insufficient. to foc us them- 
ThuThir^v’elhffiarKcd^c£ses distant objects require an effort of 
accommodation and near ones a very powerful effort, and the ciliary 
muscle is, therefore, constantly acting. This defect is obviated by 
the u se of convex glass es, which render the pencils^of light more 
convergent. Sucn glasses are of course especially needea for near 
objects, as in reading, etc. They rest the eye by relieving the 
ciliary muscle from excessive work. 

3. Astigmatism. —This defect, which was first discovered by 
Airy, is due to a greater curvature of the eye in one meridian 
than in other s?" The eve may be even myopic in one plane and 
hypermetropic in others. Thus vertical and horizontal lines 
crossing each other cannot both be focussed at. once; one set stand 
out clearly and the others are blurred and indistinct. ThiB defect, 
which is present in a-slight degree in all eyes, is generally seated 
in the cornea, but occasionally in the lens as well; j* m fly he - 

h 7 " aa nf rt ylmdriftil glamor (t.e., curved only in 
one direction). 

4. Spherical Aberration. —-The rays of a cone of light from 
an object situated at the side of the field of vision do not meet 
all in the same point, owing to their unequal refraction; for the 
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refraction of the rays which pass through the circumference of a 
lens is greater than that of those traversing its central portion. 
This defect is known as spherical aberration, and in the camera, 
telescope, microscope, and other optical instruments, it is remedied 
by the interposition of a screen with a circular aperture in the 
path of the rays of light, cutting off all the marginal rays and 
only allowing the passage of those near the centre. Such correc¬ 
tion is effected in the eye by the iris, which prevents the rays 
from passing through any part of the refractive apparatus but its 
centre. The posterior surface of the iris is coated with pigment, 
to prevent the passage of rays of light through its substance. 
The image of an objeot will be most defined and distinct when 
the pupil is narrow', the object at the proper distance for vision, 
and the light abundant; so that, while a sufficient number of 
rays are admitted, the narrowness of the pupil may prevent the 
production of indistinctness of the image by spherical aberration. 

Distinctness of vision is further secured by the pigment of 
the outer surface of the retina, the posterior surface of the iris 
and the ciliary processes, which absorbs the greater part of 
light that may be reflected within the eye, and prevents their 
being thrown again upon the retina so as to interfere with the 
images there formed. 

5. Chromatic Aberration .—In the passage of light through 
an ordinary convex lens, decomposition of each ray into its ele¬ 
mentary colours, commonly ensues, and a coloured margin 
appears around the image, owing to the unequal refraction which 
the elementary colours undergo. In optical instruments this, 
which is termed chromatic aberration, is corrected by the use of 
two or more lenses, differing in shape and density, the second of 
which continues or increases the refraction of the rays produced 
by the first, but by recombining the individual parts of each ray 
into its original w'hite light, corrects any chromatic aberration 
which may have resulted from the first. It is probable that the 
unequal refractive power of the transparent media in front of the 
retina may be the means by which- the eye is enabled to guard 
against the effect of chromatic aberration. The human-eyn--is~ 
a chrom a tic, howeve r, only s o Jong as the im age is-reeeived--fttrits 
local distance upon the retinaT~br an. long as the oye-adap t s it self 
to the differsfit diStaifl'ces of sight. If either of these conditions 
be interfered"wltHTa more oFTes's distinct appearance of colours is 
produced. 

From the insufficient adjustment* of the image of a’Small white 
object, it appears surrounded by a sort of halo or fringe. This 
phenomenon is termed Irradiation. It is from this reason that a 
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white square on a black ground appears larger than a black square 
of the same size on a white ground. 

Defective Accommodation — Dxeslu/upia .—Thin rf*fm<litiQn..ia_xLuc 
to the gradual lo ss o f the power of acc omm odation whi c h is p art 
7 >f~~tba In consequence the patient 

is obliged in reading to hold the book further and further away in 
order to focus the letters, till at last the letters are held too far for 
distinct vision. r J^he defe ct is remedied, hy k ^convey glasses. 
It is <bie yhinfly to the ar futfual^crease Sin density of the -Len s, 
which is unable to swell out and become * convex whej£ near 
objects are looked at, and a lso to a weakening of the ciliar y 
musc le, and ajjeneral loss of* elasticity in the parts concerned in 5 
the mechanism. 

Functions of the Inis. 

The iris has throe uses :— 

1. To act as a diaphragm in order to lessen spherical aberra¬ 
tion in the manner just described. 

2. To regulate the amount of light entering the eye. In a 
bright light the pupil contracts; in a dim light it enlarges. 
This may be perfectly well seen in one’s own iris by looking at it 
in a mirror while one alternately turns a gas light up and down. 

3. By its contraction during accommodation it supports the 
action of the ciliary muscle. 

The muscular fibres (unstriped in mammals, striped in birds) 
of the iris a rc arra nged circularly around the margin of the 
pupil, a nd radiatingly from it s margin. The radiating fibres are 
tSSBt seen in thoeyes of birds and otters; some look upon them 
as clastic in nature, but there is little doubt that they are con¬ 
tractile. Those who believe they arc not contractile explain 
dilatation of the pupil as due to inhibition of the circular fibres. 
But if the iris is stimulated near its outer margin at three 
different points simultaneously the pupil assumes a triangular 
shape, the angles of the triangle corresponding to the points 
stimulated; this must be due to contraction of three strauds of 
the radiating muscle; inhibition of the circular fibres would 
occur equally all round. 

The iris is supplied by three sets of nerve-fibres contained in 
the ciliary nerves. 

(a) The third nerve supplies the circular fibres. 

(i>) The cervical sympathetic supplies the radiating fibres. 
The Qili& afrtnal centre which governs them is in t he cervical 
re gion of theP cord (see p( 255)] 

(c) Fibres of~th e fifth nerve which are probably sensory. 

The experiments on these nerves are those of section and 
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stimulation of the peripheral ends ; the usual experiments by 
which the functions of a nerve are discovered. 


Nerve. 

Experiment. 


Effect on pupil. 

Third .... 

Section . 


Dilatation. 

Third . . . . 

Stimulation 


Contraction. 

Sympathetic 

Section . 


Contraction. 

Sympathetic . . . 

Stimulation 


Dilatation. 

Both nerves together . 

Stimulation 

i 

Contraction overcomes 
the dilatation. 


Certain drugs dilate the pupil. These are called mydriatics; 
atropine is a well-known example. Others cause the pupil to 
contract. These are called myotics ; physostigmine and opium 
(taken internally) are instances. Different myotics and mydri- 
atics act in different ways, some exerting their activity on the 
muscular, and others on the nervous structures of the iris. 

C /Reflex actions of the iris .—When the iris contracts under the 
influence of light, the sensory nerve is the optic, and the motor 
the third nerve. The central connection of the two nerves in 
the region of the mid-brain we shall see later on (fig. 344). Tho 
iris also contract s on accommodatio n ; and the reflex path con¬ 
cerned in this action is a different one from that concerned in 
the light reflex, as this reflex often remains in cases of locomotor 
ataxy, after there is an entire loss of the reflex to light (Argyll- 

TVlWrfiiP" -pupil), 

T?jTlfn1 ntirrml'iti"n of any part of the body, there is reflex 
dilatation of the pup il. This is accompanied by starting of the. 
eyeballs, due to contraction of the plain muscle in the capsule of 
Tenon, which, like the dilatator fibres of the iris, is supplied 
by the cervical sympathetic nerve. 

We may sum up the principal conditions under which the pupil 
contracts and dilates in the following table :— 

Causes of— 


Contraction of the Pupil. 

1. Stimulation of third nerve. 

2. Paralysis of cervical sympathetic. 

3. When the eye is exposed to light. 

4. When accommodation occurs. 

5. Under the local influence of 

physostigmine. 

6. Under the influence of opium. 

7., During sleep. 


Dilatation of the Pupil. 

1. Paralysis of the third nerve. 

2. Stimulation of the cervical sympa¬ 

thetic. 

3. In the dark. 

4. When the accommodation is relaxed. 

5. Under the local influence of atro¬ 

pine. This drug also paralyses 
< the ciliary muscle. 

<6. In the last stage of asphyxia. . 

7. In deep chloroform narcosis. 

8. Under the influence of certain 

emotions, such as fear. 

9. During pain. 
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There is a close connection of the centres that govern the 
activity of the two irises. If one eye is shaded by the hand, its 
pupil will of course dilate, but the pupil of the other eye will 
also dilate. The two pupils always contract or dilate together, 
unless the cause is the local injury to the nerves of one side or 
the local action of drugs. 

Functions of the Retina. 

The ltetiua is the nervous coat of the eye ; it contains the 
layer of nerve-epithelium (rods and cones) which is capable of 
receiving the stimulus of light, and transforming it into a nervous 
impulse which passes to the brain by the optic nerve. 

The bacillary layer, or layer of rods and cones, is at the 
back of all the other retinal layers, which the light has to pene¬ 
trate before it can affect this layer. The proofs of the statement 
that it is the layer of the retina which is capable of stimulation 
by light are the following :— 

(i) The point of entrance of the optic nerve into the retina, 
where the rods and cones are absent, is insensitive td 5 light, and is 
called the blind spot. The phenomenon itself is ver£ readily 
demonstrated. If we direct one eye, the other being closed, 
upon a point at such a distance to the side of any distance, 
that the image of the latter must fall upon the retina at 
the point of entrance of the optic nerve, this image is lost. If, 
for example, wo close the left eye, and direct the axis of the right 

• + 

eye steadily towards the circular spot here represented, while the 
page is held at a distance of about six inches from the eye, both 
dot and cross are visible. On gradually increasing the distance 
between the eye and the object, by removing the book farther and 
farther from the face, and still keeping the right eye steadily on 
the dot, it will be found that suddenly the cross disappears from 
view, while on removing the book still farther, it suddenly comes 
in sight again. The cause of this pheponemon is simply that the 
portion of retina which is occupied by the entrance of the optic 
nerve is quite blind; and therefore when the images of objects' 
fall on it they eease to be visible. By a psychical process the 
blind spot is not normally perceived. (2) In the fovea centralis 
and macula lutea which contain rods and cones but no optic 
nerve-fibres, and the other layers of the retina are thinned 
down to a minimum, light produces the greatest effect. In 
the latter, cones occur in large numbers, and in the former cones 
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without rods are found, whereas in the rest of the retina which is 
not so sensitive to light, there are fewer cones than rods. We 
m ay conclude, therefore, t hat cones are even more important to 
vision than rods . (3) If a small lighted candle be moved to and 
fro at the side of and close to one eye in a dark room while the 
eyes look steadily forv ard into the darkness, a remarkable branch¬ 
ing figure (Purkinje’s figures) is seen floating before the eye, con¬ 
sisting of dark lines on a reddish ground. As the candle moves, the 
figure moves in the opposite direction, and from its whole appear¬ 
ance there can be no doubt that it is a reversed picture of the 
retinal vessels projected before the eye. This remarkable appear- 
auce is due to shadows of the retinal vessels cast by the candle. 
Under ordinary circumstances, the brain has learnt to disregard 
these shadows, and it is only when they are thrown upon the 
retina in an unusual slanting direction that they are perceived. 
The branches of these vessels are distributed in the nerve-fibre and 
ganglionic layers ; and since the light of the candle falls on the 
retinal vessels from in front, the shadow is cast behind them, and 
hence those elements of the retina which perceive the shadows 
must also lie behind the vessels. Here, then, we have a clear 
proof that the light-perceiving elements of the retina are not the 
inner layers of the retina, but the external layer of the retina, 
rods andjeones, which in dee d are the special term ination s of the 
optic~’nerve-fi br esT ' 

“ DuratimVof Visual Sensations .—The duration of the sensation 
produced by a luminous impression on the retina is always greater 
than that of the impression which produces it. However brief 
the_ luminous... impression, the effect on the retina always .lasts 
for about one-eighth of a second. Thus, supposing an object in 
motion, say a horse, to be revealed on a dark night by a flash of 
lightning. The object would be seen apparently for an eighth <Jf 
a second, but it would not appear in motion ; because, although 
the image remained on the retina for this time, it was really 
revealed for such an extremely short period (a flash of lightning 
being almost instantaneous) that no appreciable movement on tho 
part of the object could have taken place in the period during 
which it was revealed to the retina of the observer. And the 
same fact is proved in a reverse way. The spokes of a rapidly 
revolving wheel are not seen as distinct objects, because at every 
point of the field of vision over which the revolving spokes 
pass, a given impression has not faded before another comes to 
replaoe it. Thus every part of the interior of the wheel appears 
occupied. 

These after-sensations are called after-images. They are of 
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two kinds, positive and negative. Positive after-images are those 
which resemble the original image in distribution of light and 
shade, and colour. Negative after-images which occur after 
strong, and especially after prolonged, excitation of the retina, 
are those in which the light parts appear dark, the dark parts 
light, and the coloured parts of the opposite or contrast 
colour. Hence the image of a bright object, as of the panes of 
a window through which the light is shining, may be perceived in 
the retina for a considerable period, if we have previously kept 
our eyes fixed for some time on it. But the image in this case is 
negative. If, however, after ^hutting the eyes for some time, we 
open them and look at an object for an instant, and again close 
them, the after-image is positive. 

The Ophthalmoscope. 

Every one is perfectly familiar with the fact, that it is quite 
impossible to see the fundus or back of another person’s eye by 
simply looking into it. The interior of the eye forms a perfectly 
black background.* The same remark applies to an ordinary 
photographic camera, and may be illustrated by the difficulty 
we experience in seeing into a room from the street through 
the window unless the room be lighted within. In the case 
of the eye this fact is partly due to the feebleness of the light 
reflected from the retina, most of it being absorbed by the retinal 
pigment; but far more to the fact that every such ray is 
reflected straight to the source of light (e.g., candle), and cannot, 
therefore, be seen by the unaided eye without intercepting the 
incident light from the candle, as well as the reflected rays 
from the retina. This difficulty is surmounted by the use of the 
ophthalmoscope. 

The ophthalmoscope was invented by Helmholtz; as a mirror 
for reflecting the light into the eye, he employed a bundle of 
thin glass plates; this mirror was transparent, and so he was 
able to look through it in the same direction as that of the rays 
of the light it reflected. It is almost impossible to over-estimate 
tho boon this instrument has been to mankind ; previous to this 

* In some animals (e.g., the cat), the pigment is absent from a portion 
of the retinal epithelium ; this forms the Tapetum. lueidum. The use of 
this is supposed to be to increase the sensitiveness of the retina, the light 
being reflected back through thf layer of rods and cones. It is certainly 
the case that these animals are able to see clearly with less light than we 
can, hence the popular idea that a cat can see in the dark. In fishes a 
tapetum lueidum is often present; here the brightness is increased by 
crystals of guanine. 
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in the examination of cases of eye disease, the principal evidence 
on which the surgeon had to rely was that derived from the 
patient’s sensations; now he can look for himself. 

The instrument, however, has been greatly modified since 
Helmholtz’ time; the principal modification being the substitu¬ 
tion of a concave mirror of silvered glass for the bundle of glass 
plates; this is mounted on a handle, and is perforated in the 
centre by a small hole through which the observer can look. 

The methods of examining the eye with this instrument are—the direct 
and the indirect: both methods of investigation should be employed. A 
drop of a solution of atropine (two grains, to the ounce) or of homatropine 
hydrobromate, should be instilled about twenty minutes before the 
examination is commenced ; the ciliary muscle is thereby paralysed, the 



Fig. 3j2.—-Diagram to illustrate the action of the Ophthalmoscope, when a plane concave 
glass is used, e, observer’s eye. The light reflected from any point, d, on retina of a, 
would naturally be focussed at e; if the lens b is used it would be focussed at 1, in 
other words, at back of e. The image would be enlarged, as though of g, and would be 
inverted. The perforated concave mirror through which c is looking is not shown. 

' (After McGregor Robertson.) 

power of accommodation is abolished, and the pupil is dilated. This will 
materially facilitate the examination ; but it is quite possible to observe all 
the details to be presently described without the use of this drug. The 
room being now darkened, the observer seats himself in front of the person 
whose eye he is about to examine, placing himself upon a somewhat higher 
level. A brilliant and steady light is placed close to the left ear of the 
patient. The atropine having been put into the right eye only of the patient 
this eye is examined. Taking the mirror in his right hand, and looking 
through the central hole, the operator directs a beam of light into the eye 



Kg. 333.—:Diagram to illustrate action of ophthalmoscope when a bi-con vex glass is used. 
The fig. d on retina of a is under ordinary conditions focussed at/and inverted. If the 
lens i oeplaced between the eyes, the image h is seen by the eye c as an enlarged image. 
The perforated concave mirror through which c is ^looking is not shown. (After 
McGregor Robertson.) 
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of the patient. A red glare, known as the reflex, is seen ; it is due to the 
illumination of the retina. The patient is then told to look at the little 
finger of the observer’s right hand as he holds the mirror ; to effect this the 
eye is rotated somewhat inwards, and at the same time the reflex changes 
from red to a lighter colour, owing to the reflection from the optic disc. 
The observer now approximates the mirror, and with his eye to the eye of 
the patient, taking care to keep the light fixed upon the pupil, so as not to 
lose the reflex. At a certain point, which varies with different eyes, but is 
usually when there is an interval of about two or three inches between the 
observed and the observing eye, the vessels of the retina will become visible, 
Examine carefully the fundus of the eye, i.e., the red surface—until the optic 
disc is seen ; trace its circular outline, and observe the small central white 
spot, the porus opticus, or pit ysiolog! cal pit: near the centre is the central 
artery of the retina breaking up upon the disc into branches ; veins also 
are present, and correspond roughly to the course of the arteries. Trace the 
vessels over the disc on to the retina. Somewhat to the outer side, and only 
visible after some practice, is the yellow spot, with the smaller lighter- 
coloured fovea centralis in its centre. This constitutes the direct method 


of examination (fig. 332); by it the various 
details of the fundus are seen as they 
really exist, and it is this method which 
should be adopted for ordinary use. 

If the observer is myopic or hyperme¬ 
tropic, he will be unable to employ the 
direct method of examination until he 
has remedied his defective vision by the 
use of proper glasses. 

In the indirect method (fig. 333) the 
patient is placed as before, and the operator 
holds the mirror in bis right hand at a dis¬ 
tance of twelve to eighteen inches from the 
patient’s right eye. At the same time he 
rests his left little finger lightly upon the 
right temple, and holding a convex lens be¬ 
tween his thumb and forefinger,two or three 
inches inffront of the patient’s eye, directs 
the light through the lens into the eye. The 
red reflex, and subsequently the white 
one, having been gained, the operator 
slowly moves his mirror, and with it his 
eye, towards or away from the face of the 
patient, until the outline of one of the 
retinal vessels becomes visible, when very 
slight movements on the part of the ope¬ 
rator will suffice to bring into view the 
details of the fundus above described, but 
the image will be much smaller and in- 
erte d. The appearances seen are de¬ 
picted in fig. 318. The lens should be 
kept fixed at a distance of two or three 



inches, the mirror being alone moved until 
the disc becomes visible : should the image 
of the mirror, however, obscure the disc, 
the lens may be slightly tilted. 


Fig. 334.—The ophthalmoscope. The 
small upper mirror is for direct 
the larger for indirect illumina¬ 
tion. 


» 


The Perimeter. 


This is an instrument for mapping out the field of vision. It 
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consists of a graduated arc, which can be moved into any position, 
and thus when rotated it traces out a hollow hemisphere. In 
the centre of this the eye under examination is placed, the other 
eye being closed. The examiner then determines on the surface 
of the hemisphere those points at which the patient just ceases or 
just begins to see a small object moved along the arc of the circle. 
These points are plotted out on a chart graduated in degrees, and 
by connecting them the outline of the field of vision is obtained. 

The next figure shows one of the forms of perimeter very 
generally employed, and fig. 336 represents one of the charts 
provided with the instrument. Thp blind spot is shown, and the 
dotted line represents the normal average field of vision for the 
right eye. 

It will be seen that the field of vision is most extensive on the 
outer side; it is less on the inner side because of the presence of 
the nose. 

By the use of the same instrument, it is found that the colour 
of a coloured object is not distinguishable at the margin, but only 
towards the centre of the field of vision, but there are differences 
for different colours; thus a blue object is seen over a wider 
field than a red, and a red over a wider field than a green object. 

In disease of the optic nerve, contraction of the field of vision for 
white and coloured objects is found. This is often seen before any 
change in the optic nerve is discoverable by the ophthalmoscope. 

The Fovea Centralis. 

This, is the region of most acute vision ; when we want to see 
an object distinctly we look straight at it. It is also the regio n 
where the colours of ob jects a re best distinguishable. It is, 
however, slated to be less sensitive from one point of view than 
the zone immediately surrounding it; that is to say, t he minimu m 
intensi tyoL..white light whhd^will_j^ause-aiiu.-i«ipreasipn is some 
jfchat greater. But with this exception, the sensibility of the 
retina diminishes steadily from centre to circumference. 

The yellow spot of one’s own eye can be rendered evident by 
what is called Clerk-Maxwell’s experiment :—on looking through 
a solution of chrome-alum in a bottle with parallel sides, an oval 
purplish spot is seen in the green colour of the alum. This is 
due to the pigment of the yellow spot. 

C 

Colour Sensations. 

If a ray of sunlight be allowed to pass through a prism, 
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it is decomposed by its passage into rays of different colours, 
which are called the colours of the spectrum; they are red, 
orange, yellow, green, blue, indigo, and violet. The red rays 
are the least turned out of their course by the prism, and the 
violet the most, whilst the other colours occupy in order places 
between these two extremes. The differences in. the colour of-the 
rays depend upon the number of vibrations producing ..each, the 
red "rays""being the least rapid and the violet the most. In 
addition to the coloured rays of the spectrum, there are others 
which are invisible but which have definite properties, those to 
the left of the red, and less refrangible, being the calorific rays 
which act upon the thermometer, and those to the right of the 

violet, which are called 



the actinic or chemical 
rays, have a powerful 
chemical action. 

White light may be 
built from its constituents 
either physically , as by a 
second prism reversing the 
dispersion produced by the 
first, or physiologically by 
causing the colours of the 
spectrum to fall on the 


Fig. 337.—Colour triangle. retina in rapid succession. 

The best way to study the 
effects of mixing colour sensations is by means of a rapidly 
revolving disc to which two or more coloured sectors are fixed. 
Each colour is viewed in rapid succession, and owing to the 


persistence of retinal impressions, the two or more constituent 
colour impressions blend and give a single compound colour 
(Maxwell). 

It is found that white light can be produced by the mixture of ; 
three primary colours, or even of two colours in certain propor¬ 
tions. These pairs of colours, which are roughly red and green,i 
orange and blue, and violet and yellow, are called c omplementar y .i 

The colours are not of equal stimulation energy, otherwise they 
might be arranged around a circle; they are more properly 
arranged in a triangle, with rod, green, and violet at the angles. 
The red, green, and violet are selected on the theor y of Helm holtz 
that they constitute the three primary colour sensations; other 
colours being mixtures of these. 

'Thus, the orange and yellow between the red and green are 
mixtures of the red and green sensations; thle blue a mixture of 
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green and violet; and the purples (which are not represented in 
the spectrum) of red and violet. 

Join the three angleB red, green, and violet, and one gets white 
light; or join the blue and orange, which comes to the same 
thing, and one also gets white. 

Blue and orange on Maxwell’s disc give white ; but it is well known that 
a mixture of blue and orange paint gives green ; how can one explain this 1 
Suppose the paint is laid on white paper ; the white light from the paper on 
its way to the eye passes through transparent particles of blue and orange 
pigment; the blue particles only let the green and violet sensations reach 
the eye, and cut off the red ; the yellow particles only let the red and green 
through, and cut off the violet. The? red and violet being thus cut off, the 
green sensation is the only one which reaches the eye. 


The experiments which led Helmholtz and others to the selec¬ 
tion of green, red, and violet as the three fundamental colour 
sensations were performed 
in this way : the eye under¬ 
goes exhaustion to a colour 
when exposed to it for some 
time; suppose, for instance, 
the eye is fatigued for red, 
and i,s then exposed to a 
pure yellow light, such as 
that given off by the 
sodium flame, the yellow 
then appears greenish; or 
fatigue the eye for green 
and then expose it to blue, 
the blue will have a violet 
tint. By the repetition of 
numerous experiments of this kind, it was found that the fatigue 
experienced manifested itself in three colours, red, green, and 
violet, which were therefore selected as the three fundamental 
colour sensations. 

The theory of colour vision constructed on these data was 
originated by Young, and independently discovered and elaborated 
hy Helmholtz. It is consequently known as the Young-Helmholtz 
theory. Th is theory teaches that there are in the ratinn. tv^h 
or cones -whirh nnrnrnr t o nn oh n f thr n n primary noloum , wherea s 
the innum erable intermediate sh ades of colour a m produced b v 
sti mulation joOEaZ 3 tereg^rt^^^]c 5 ou£lSan^in^ in differ ent. 

the sensation of white being, pmdnrrd when the 
three-elanifin ta are equally excited . Thus if the retina is stimu¬ 
lated by rays of oertain wave length, at the red end of the 
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Fig. 338.—Diagram of the three primary colour 
sensations. (Young-Helmholtz theory.) t, in 
the red; 2, green, and 3, violet, primary colour 
sensations. The lettering indicates the colours 
of the spectrum. The diagram indicates by 
the height of the curve to what extent the 
several primary sensations of colour are ex¬ 
cited hy vibrations of different wave lengths. 
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spectrum, the terminals of the other colours, green and violet, 
are hardly stimulated at all, but the red terminals are strongly 
stimulated, the resulting sensation being red. The orange rays 
excite the red terminals considerably, the green rather more, and 
the violet slightly, the resulting sensation being that of orange, 
and so on (fig. 338). 

Another theory of colour (Hering’s) supposes that there are 
six primary colour sensations, viz.:—three pairs of antagonistic or 
complemental colours, black and white, red and green, and yellow 
and blue ; and that these are produced by the changes either of 
disintegration or of assimilation tajjdng place in certain substances, 
somewhat it may be supposed of the nature of the visual pu rp le, 
which (the theory supposes to) exist in the retina. Each of the 
substances corresponding to a pair of colours, is capable of 
undergoing two changes, one of construction and the other of 
disintegration, with the result of producing one or other colour. 
For instance, in the white-black substance, when disintegration 
is in excess of construction or assimilation, the sensation is white, 
and when assimilation is in excess of disintegration the reverse is 
the case; and similarly with the red-green substance, and with 
the yellow-blue substance. When the repair and disintegration 
are equal with the first substance, the visual sensation is grey; 
but in the other pairs when this is the case, no sensation occurs. 
The rays of the spectrum to the left produce changes in the red- 
green substance only, with a resulting sensation of red, whilst the 
(orange) rays further to the right affect both the red-green and 
the yellow-blue substances ; blue rays cause constructive changes 
in the yellow-blue substances, but none in the red-green and so 
on. These changes produced in the visjaal substances in the retina 
are perceived by_ the brain as sensatio ns of colo ur.. 

Neither theory satisfactorily accounts for all the numerous 
complicated problems presented in the physiology of colour vision. 
One of these problems is colour blindness or Daltonism, a by no 
means uncommon visual defect. One of the commonest forms is 


the inability to distinguish between red and green. Helmholtz’s 
(explanation of such a condition is, that the elements of the retina 
which receive the impression of red, etc., are absent, or very 


imperfectly developed, and Hering’s would be that the Ired-grecn 
substance is absent from the retina. Other varieties of colour- 
olindness in which the other colour-perceiving elements are absent 
have been shown to exist occasionally. 

Hering’s theory appears to meet the difficulty best, for if the 
red element of Helmholtz were absent, the patient ought not to 
be able to perceive white sensations, of which red is a constituent 
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part: whereas, according to Hering’s theory, the white-black 
visual substance remains intact. 

Figments of the Betina. 

The method by which a ray of light is able to stimulate 
the endings of the optic nerve in the retina in such a manner 
that a visual sensation is perceived by the cerebrum is not 
yet understood. It is supposed that the change effected by' 
the agency of the light which falls upon the retina is in fact 
a chemical alteration in the protoplasm, a nd that this ch ange 
stimulates the" optic nerye-enmngs. The discovery of a certain' 
temporary reddish-purple pigmentation of the outer limbs of the 
retinal rods in certain animals {e.g., frogs) which had been killed in 
the dark, forming the so-called rhodovsin or visual purpl e, appeared 
likely to offer some explanation of the matter, especially as it was 
also found that the pigmentation disappeared when the retina was 
exposed to light, and reappeared when the light was removed, and 
also that it underwent distinct changes of colour when other than 
white light was used. It was also found that if the operation 
were performed quickly enough, the image of an object {optogram 
might be fixed in the pigment on the retina by soaking the retina 
of an animal which has been killed in the dark, in alum solution. 

The visual purple cannot however be absolutely essential to the 
due production of visual sensations, as it is absent from the retinal 
cones, and from the macula lutea and fovea centralis of the human 
retina, and does not appear to exist at all in the retinae of many 
animals, e.g., bat, dove, and hen, which are, nevertheless, possessed 
of good vision. 

However the fact remains that light falling upon the retina 
{<>) bleaches the visual purp le, and this must be considered as one of 
its effects! If It produces chemical changes in other substances, 
these must be colourless and so extremely difficult to discover. 
The rhodopsin is derived in some way from the black pigment 
(melanin or fuscin) of the polygonal epithelium of the retina, since 
the colour is not renewed after bleaching if the retina be detached 
from its pigment layer. Certain pigments, not sensitive to light,! 
are contained in the inner segments of the cones. These coloured 
bodies are oil globules of various colours, red, green, and yellow, 
called chromophanes , and are found in the retinas of marsupials 
(but not otter mammals), birds, reptiles, and fishes. Practically 
nothing is known about the yellow pigment of the yellow spot. 
(b) The second change produoed by the action of the light 
upon the retina is the movement of the pigment cells. ' On being 
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stimulated by light the granules of pigment irj, the cells which 
overlie the outer part of the rod and cone lftyer of the retina 
become diffused in the parts of the cells between the rods and 
cones, the melanin or fuscin granules (which are generally rod¬ 
shaped, looking almost like crystals), passing down into the 
processes of the cells, (c) A movement of the cones and possi bly 
of the rods occurs, as has been already incidentally mentioned ; 
in the light the cones shorten and in the dark they lengthen 
(Engelmann). According to the careful researches of Dewar and 
McKendrick, and of Holmgren, it appears that the stimulus of 
light is able to produce (</) a variatio n o f . the natural ele ctric al 
currents of the retina,. The current is at first increased and then 
dimudshed^ ; this is the electrical expression of those chemical 
changes in the retina of which we have already spoken. 

Movements of the Eyeball. 

Protrusion of the eyeballs occurs (1) when the blood-vessels of 
the orbit are co ngested; (2) w hen contraction o f the plain 

muscula r" fibres of the capsule of , Iou.QB..takes. place; these are 
innervated by the cervical sympathetic nerve; and (3) in the 
disease called exophthalmic goitre. 

Retraction occurs (1) when the lids are closed forcibly; (2) 
when the blood-vessels of the orbit are comparatively empty ; 
(3) when the fat in the orbit is reduced in quantity as during 
starvation; and (4) on section or paralysis of the cervical 

sympathetic nerves. 

The most important movements, however, are those produced 
by the six ocular muscles. 

The eyeball possesses movement around three axes indicated in fig. 339 
viz. an antero-posterior, a vertical, and a transverse, passing through a 
centre of rotation a little behind the centre of the optic axis. The move¬ 
ments are accomplished by pairs of muscles. 

Direction of movement. By what muscles accomplished. 

Inwards.Internal rectus. 

Outwards . . . . . . External rectus. 

Superior rectus. 

Inferior oblique. 

Inferior rectus. 

Superior oblique. 

Internal and superior rectus. 

Inferior oblique. 

Internal and inferior rectus. 

Superior oblique. 

External and superior rectus. 

Inferior oblique. 

External and inferior rectus. 
Superior oblique. 


Upwards .... 
Downwards 
Inwards and upwards 
Inwards and downwards . 
Otttwards and upwards . 
Outwards and downwards . 
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' These muscles are all supplied by the third nerve except the 
superior oblique which is supplied by the fourth and the external 
rectus by the sixth nerve. 

The muscles of the two eyes act simultaneously, so that images 
of the objects looked at may fall on corresponding points of the 
two retinae. Tho inner side of one retina corresponds to the 
outer side of the other, so that any movement of one eye inwards 
must be accompanied by a movement of the other eye outwards. 



Fig. 339.—Diagram of the axes of rotation to the eye. The thin lines indicate axes of 
rotation, the thick the position of muscular attachment. 


If one eyeball is forcibly fixed by pressing the finger against it so 
that it cannot follow the movement of the other, the result is 
double vision (diplopia), because the image of the objects "looked 
at will fall on points of the two retinae which do not correspond. 
The same is experienced in a squint, until the brain learns to 
disregard the image from one eye. 

If the external rectus is paralysed, the eye will squint inwards j 
if this occurs in the right eye the false image will lie on the right 
side of the yellow spot, and appear in the field of vision to the 
left of the true image. If the third nerve is paralysed, the case 
is a more complicated one : owing to the paralysis of the levator 
palpebree superioris, the patient will be unable to raise his upper 
i'd ( ptoris) A and so in order to see will walk with his chin in the 
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air. If the paralysis is ou the right side, the eyeball will squint 
downwards and to the right; the false image will be formed below 
and to the right of tho yellow spot, and the apparent image in 
the field of vision will consequently appear above and to the left 
of the true image, and owing to the squint being an oblique one, 
the false image will slant in a corresponding direction. 

Various Positions of the Eyeballs. 

All the movements of the eyeball take place around the point 
of rotation , which is situated mm. behind the centre of the 
visual axis, or io - 9 mm. behind the point of the cornea. 

The three axes around which the movements occur are :— 

1. The visual or antcro-posterior axis. 

2. The transverse axis, which connects the points of rotation of 
the two eyes. 

3. The vertical axis, which passes at right angles through the 
point of intersection of the other two axes. 

The line which connects the fixed point in the outer world at 
which the eye is looking to the point of rotation is called the 
visual line. The plane which passes through the two visual lines 
is called the visual plane. 

The various positions of the eyeballs are designated primary , 
secondary, and tertiary. 

The primary position occurs when both eyes are parallel, the 
visual lines being horizontal. 

Secondary positions are of two kinds :— 

(x) The visual lines are parallel but directed either upwards or 
downwards from the horizontal. 

(2) The visual lines are horizontal, but converge towards one 
another. 

Tertiary positions are those in which the visual lines are not 
horizontal, and converge towards one another. 

Both eyes are moved simultaneously, even if one of them 
happens to be blind. They are moved so that the object in the 
outer world is focussed on the two yellow spots, or other corre¬ 
sponding points of the two rctinm. The images which do not 

fall on corresponding points are seen double, but these.are 

disregarded by the brain, which only pays attention to tho se 
images which fall on corresponding points. 

The following diagrams will assist us in understanding more 
fully what is meant by corresponding or identical points of the two 
retinae. 

If R and L (fig. 340) represent the right and left retina 
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respectively, O and O' the two yellow spots are identical; so are 
A and A', bbth being the same distance above 0 and O'. But the 
corresponding point to B on the inner side of O in the right 
retina, is B', a point to the same distance on the outer side of O' 
in the left retina; similarly C and C' are identical. The two 
blind spots X and X' are not identical. 

Fig. 341 shows the same thing in rather a different way ; 



/ A 

c \ 

y' 1 

( B' O' 

A -1 


Fig. 340.— Identical points of tho retina-. 


A and B represent a horizontal section through the two retinae ; 
the points a a', b l>', and c c', being identical. I11 the lower part 
of the diagram is shown the way 
in which the brain combines the 
images in the two retinae, one as 
it were overlapping so as tp 
coincide with the other. • 

Jhfi. Hor o p te r is the name 
given to _tUfi~ surface in the 
outer world which- contains all 
the points which fall on the Fig ' 
identical points of the retinae. 

The shape of the horopter will vary with the position of the eye¬ 
balls. In the primary position, and in the first variety of the 
secondary position, the visual lines are parallel ; hence the 
horopter will be a plane at infinity, or at a great distance. 

In the other variety of the secondary position, and in tertiary 
positions in which the visual lines converge as when looking at a 
near object, the horopter is a circle which passes through the 
nodal points of the two eyes, and through the fixed point (I) in 
the outer world at which the % eye is looking, and which will con¬ 
sequently fall on the two yellow spots (O, and O'). All other points in 
this circle (II, III) will fall on identical points of the two retina;. 
The image of II will fall on A and A'; of III on B, and B'; it is 
k.p B B 
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a very simple mathematical problem to prove that 0 A = 0 'A', 
and 0B = 0'B'. 

This, however, applies to man only, or to animals with both 
eyes in front of the head ; in the horse, where the eyes are more 
lateral in position, and the visual lines diverge, the horopter will 
be very different. 


Nervous Paths in the Optic Nerves. 

The correspondence of the two retina) and of the movements 
of the eyeballs is produced by a cjose connection of the centres 
controlling these phenomena, and by the arrangement of the 
nerve-fibres in the optic nerves. The crossing of the nerve- 
fibres at the optic cliiasma is incomplete, and the following dia¬ 
gram (fig. 343) gives a simple idea of the way the fibres go. 

It will be seen that it is only the fibres from the inner portions 


1 



Left Retina Right Retina 



of the retina) that cross; and that those represented by con¬ 
tinuous lines from the right side of the two retina) ultimately 
reach the right hemisphere, and those represented by interrupted 
lines from the left side of the two retinae ultimately reach the 
left hemisphere. The two halves of the retinae are not, however, 
separated by a hard-and-fast line from one another; this is repre¬ 
sented by the two halves being depicted as slightly overlapping, 
and this comes to the same thing as saying that the central 
region of each retina is represented in each hemisphere. The 
finely dotted lines representing fibres connecting the two retinae 
and the two hemispheres are problematical. 
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The part of the hemisphere concerned in vision is the occipital 
lobe, and the reader should turn back to our previous considera¬ 
tion of this subject in connection with cerebral localisation, the 
phenomena of hemianopsia (p. 266), and the conjugate devia¬ 
tion of head and eyes (pp. 266, 269). The following illustration, 
though only diagrammatic, will assist the reader in more fully 



Fig. 344.—Relations of nerve cells and fibres of visual apparatus. (After Schilfer.) 

comprehending the paths of visual impulses, and the central con¬ 
nections of the nerves and nerve-centres concerned in the pro¬ 
cess. The fibres to the lateral geniculate body end there by 
arborising around its cells, and a fresh relay of fibres from these 
cells passes to the cortex of the occipital lobe. Those to the ante¬ 
rior corpus quadrigeminum are continued on by a fresh relay to 
the nucleus of the third nerye, the cells of which are also sur¬ 
rounded by arborisations of the axis cylinder processes of the 
cortical cells. 


B b 2 
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Visual Judgments. 

The psychical or mental processes which constitute the visual 
sensation proper have been studied to a far greater degree than 
is possible in connection with other forms of sensation. 

We have already seen that in spite of the reversion of the 
image in the retina, the mind sees objects in their proper posi¬ 
tion, the sense of sight being here educated in great measure by 
that of touch. 

We are also not conscious of tlie blind spot. This is partly 
due to the fact that those images which fall on the blind spot of 
one eye are not focussed there in the other eye. But even when 
one l ooks at objects with one eye, there is no blank, the area 
corresponding to the blind spot being closed up by a mental 
process. 

Our estimate of the size of various objects is based partly 
Qn_..the visual angle under which they are seen, but much 
more mi the estimate., we form of their distance. Thus a 
lofty mountain many miles off’ may be seen under the same 
visual angle as a small hill near at hand, but we infer that 
the former is much the larger object because we know it is much 
further off than the hill. Our estimate of distance is often erro¬ 
neous, and consequently tho estimate of size also. Thus persons 
seen walking on the top of a small hill against a clear twilight 
sky appear unusually large, because we over-estimate their dis¬ 
tance, and for similar reasons most objects in a fog appear 
immensely magnified. The same mental process gives rise to the 
idea of depth in the field of vision ; this idea being fixed in our 
mind principally by the circumstance thaCt, as we ourselves move 
forwards, different images in succession become depicted on our 
retina, so that w r e seem to pass between these images, which to the 
mind is the same thing as passing between the objects themselves. 

The action of the sense of vision in relation to external objects 
is, therefore, quite different from that of the sense of touch. The 
objects of the latter sense are immediately present to it; and our 
own body, with which they come in contact, is the measure of 
their size. The part of a table touched by the hand appears as 
large as the part of the hand receiving an impression from it, for 
the part of our body in which a sensation is excited, is here the 
measure by which we judge of the t magnitude of the object. In 
the sense of vision, on the contrary, the images of objects are 
mere fractions of the objects .themselves, realised upon the retina, 
the extent of which remains constantly the same. But the 
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imagination, which analyses the sensations of vision, invests the 
images of objects, together with the whole field of vision in the 
retina, with very varying dimensions ; the relative size of the 
imago in proportion to the whole field of vision, or of the affected 
parts of the retina to the whole retina, alone remaining unaltered. 

The estipuition of the form of bodies by sight is the result 
partly of thfi.~merc sensation, and ^partly of the associayfeion.^jQi 
ideas. Since the form of the images perceived by the retina 
depends wholly on the outline of the part of the retina affected, 
the sensation alone is adequate to the distinction of only super¬ 
ficial forms from each other, as of a square from a circle. But 
the idea of a solid body like a sphere, or a body of three 
dimensions, like a cube, can only be attained by the action 
of the mind constructing it from the different superficial images 
seen in different positions of the eye with regard to the object, 
and, as shown by Wheatstone and illustrated in the stereoscope. 


A B 






X, 






/ 


' 




Fig. 345.—DiagrumH to illustrate how a judgment of atiguroof three dimensions is obtained 

from two different perspective projections of the body being 
presented simultaneously to the mind by the two eyes. Hence, 
when, in adult age, sight is suddenly restored to persons blind from 
infancy, all objects in the field of vision appear at first as if painted 
Hat on one surface; and no idea of solidity is formed until after 
long exercise of the sense of vision combined with that of touch. 

Thus, if a cube, for example, be held at a moderate distance 
before the eyes, and viewed with each eye successively while the 
head is kept perfectly steady, a (fig. 345) will be the picture 
presented to the right eye, and b that seen by the left eye. 
Wheatstone has shown that on this circumstance depends in a 
great measure our conviction of the solidity of an object, or of 
its projection in relief. If different perspective drawings of a 
solid body, one representing the image seen by the right eye, the 
other that seen by the left *(for example, the drawing of a cube, 
a, b, fig. 345) be presented to corresponding parts of the two 
retinse, as may be readily done by means of the stereoscope, the 
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mind will perceive not merely a single representation of the 
object, but a body projecting in relief, the exact counterpart of 
that from which the drawings were made. 

By transposing two stereoscopic pictures a reverse effect is 
produced ; the elevated parts appear to be depressed, and vice 
versd. An instrument contrived with this purpose is termed a 
jjsevdoscope. Viewed with this instrument a bust appears as a 
hollow mask, and as may readily tie imagined the effect is most 
bewildering. 

The clearness with which an object is perceived irrespective of 
accommodation, would appear to depend largely on the number 
of rods and cones which its retinal image covers. Hence the 
nearer an object is to the eye (within moderate limits) the more 


ABC 



Fig. 346.—Diagram to illustrate visual illusions. 


clearly are all its details seen. . Moreover, if we want carefully to 
examine any object, we always direct the eyes straight to it, so 
that its image shall fall on the yellow spot where an image of a 
given area will cover a larger number of cones than anywhere else 
in the retina. It has been found that the images of two points 



Fig. 347. —Parallel puzzle. 


must be at least 3 p apart on the yellow spot in order to 
be distinguished separately; if the images are nearer together, 
the points appear as one. The diameter of each cone in this part 
of the retina is about 3 p. 
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Visual judgments are not always correct; there arc a large 
number of puzzles and toys which depend on visual illusions. 
Two of the best known are represented in the preceding diagrams. 

In fig. 346, a, b, and c are of the same size; but a looks taller 
than n, while c appears to cover a less area than either. 

In fig. 347, the horizontal lines are parallel, though they do 
not appear so, owing to the mind being distracted by the inter¬ 
crossing lines. 


CHAPTER XXXII. 

TROPHIC NERVES. 

Nkhvks exercise a trophic or nutritive influence over the tissues 
and organs they supply. The chemical changes that occur during 
the nutrition of a living cell may be summed up in the word 
metabolism; and this includes two kinds of changes ; anaboli c 
p henomena, that is the proc ess of buildi ng up pr o to plasm front 
food mate rial; and katabolic phenomena, th ose in which there is a 
break ing down of protoplasm , and a consequent formation of 
•simpler’waste products. 

Some nerves i ncrease the building-up stage, of metabolism; 
these are termed a nabol ic. Such a nerve is the vagus in reference 1 
to the heart; when it is stimulated the heart beats more slowly 
or may stop, and is thus enabled to rest and repair its waste. 
The opposite kind of n erves (katabolic). are those which lead to 
increase of work and so increased wear and tear and formation of 
waste products. Such a nerve in reference to the heart is th e 
s ympathetic. 

There has been considerable diversity of opinion as to whether 
trophic nerve-fibres are a distinct anatomical set of nerve-fibres, 
or whether all nerves in addition to their other functions exercise 
a trophic influence. 

When a nerve going to an organ is cut, the wasting of the 
nerve itself beyond the cut constitutes what wc have learnt to call 
WaJlerian degeneration, but the wasting process continues beyond 
the nerve, the muscles it supplies waste also, and waste much 
more Rapidly than can be explained by simple disuse. The same 
is seen in the testicle after section of the spermatic cord; and 
in the disease of joints called Charcot’s disease, the trophic 



TROPHIC NERVES. 


376 


[CH. XXXII 


changes are to be explained by disease of the nerves supplying 
them. 

From these, and numerous other instances that might be given, 
there is no question that nerves do exert a trophic influence; 
the question, however, whether this is due to special nerve-fibres 
has been chiefly worked out in connection with the fifth cranial 
nerve. 

After the division of this nerve there is loss of sensation in the 
corresponding side of the face : the cornea in two or three days 
begins to get opaque, and this is followed by a slow inflammatory 
process which may lead to a destruction not only of the cornea, 
but of the whole eyeball. The same is seen in man ; when the 
fifth nerve is diseased or pressed upon by a tumour beyond the 
Gasserian ganglion the result is loss of sensation in the face 
and conjunctiva, an eruption ( herpes ) appears on the face, and 
ulceration of the cornea leading in time to disintegration of the 
eyeball may occur too. In disease of the spinal ganglia there is 
a similar herpetic eruption on the skin ( shingles ). 

In the case of the fifth nerve the evidence that there are 
sp^jiil nerve fibres to which these trophic changes are due, is an 
experiment by Meissner and Buttner, who found t hat division of. 
the lpost internal fi bres is most, potent in producing them . 

Those, however, who do not believe in special trophic nerves, 
attribute the changes in the eyeball to its loss of sensation. 
Dust, etc., is not felt by the cornea, it is therefore allowed to 
accumulate and set up inflammation. This is supported by the 
fact that if the eyeball is protected by sewing the eyelids together 
the trophic results do not ensue. On the other hand, in paralysis 
of the seventh nerve, the eyeball is much more exposed, and yet 
no trophic results follow. 

Others have attributed the change to increased vascularity due 
to disordered vaso-motor changes: but this is negatived by the 
fact that in disease of the cervical sympathetic, the disordered 
vaso-motor phenomena , which ensue do not lead to the disorders 
of nutrition we have described. 

There can, therefore, be but little doubt that we have to deal 
with the trophic influence of nerves ; * but the dust, eto., which 
falls on the cornea must be regarded as the exciting cause of the 
ulceration. The division or disease of the nerve acts as the 
predisposing cause. The eyeball is more than usually prone to 
undergo inflammatory changes, wltk very small provocation. 


* The proof, however, that there are distinct nerve-fibres anatomically is 
not very conclusive. 
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Exactly the same explanation holds in the case of the influence 
of the vagi on the lungs. If both these nerves are divided in an 
animal, it usually dies within a week or a fortnight from a form 
of pneumonia called vagus pneumonia, in which gangrene of the 
lung substance is a marked characteristic. Here the predisposing 
cause is the division of the trophic fibres in the vagi nerves; the 
exciting cause is the entrance of particles of food into the air 
passages, which on account of the loss of sensation in the larynx 
and neighbouring parts are not coughed up. Another trophic 
result that follows division of the vagi is fatty dege nera tion of 
th e heart. 

We will conclude by giving one more instance of trophic dis¬ 
turbance due to nervous disease, and this is the case of bed-sores. 
Many bed-sores are due to prolonged confinement in bed with 
bad nursing. These sores are of slow onset. But there is one 
class of bed-sores seen especially in cases of paralysis of spinal 
origin which are acute; they come on in three to five days after 
the onset of the paralysis in spite of the most careful attention; 
they cannot be explained by vaso-motor disturbance nor by loss of 
sensation ; and, in fact, there is no doubt that they are of ^rcp^ic 
origin. The nutrition of the skin is so greatly impaired th&ifthe 
mere contact of it with the bed for a few days is sufficient to act 
as the exciting cause of the sore. 


CHAPTER XXXIII. 

THE CIRCULATORY SYSTEM. 

Tub circulatory system is the collection of organs which have 
for their function, the circulation of the blood. It consists of the 
heart, the vessels {arteries) that carry the blood from the heart to 
other parts of the body, the veins or vessels that carry the blood 
back to the heart again, and the capillaries, a network of minute 
tubes which connect the terminations of the smallest arteries to 
the commencements of the smallest veins. We shall also have to 
consider in connection with the circulatory system, (i) the 
lymphatics, w'hich are vessels »tliat convey back the lymph (the 
fluid which exudes through the thin walls of the blpqd-cajgiHaries) 
to the large veins near to thefr entrance into the heart, and (2) 
the large lymph spaces contained in the serous membranes . 




378 


THE CIRCULATORY SYSTEM. 


[ch. XXXIII. 


The Heart. 

This is the great central pump of the circulatory system. It 
is contained in the chest or thorax. It lies between the right and 
left lungs (fig. 348), and is enclosed in a covering called the 
pericardium. The pericardium is fin instance of a serous 
membrane. Like all ti{TP naj " l>r MlT-U1 PR ■ ikxmujste of two layers; 
each consists of filuuus.tissue.. containing a large amount of elastic 
fibres ; one layer envelopes the heart and forms ijbs outer covering 



Pulmonary 

Artery. 


Left 

Lung 


Kg. 348.—View of heart and lungs in situ. The front portion of the chest-wall and the 
outer or parietal layers of the i)lcurie and pericardium have been removed. The lungs 
are partly collapsed. 


1 u- f’fi'i.rgrdiw n ; this is the visceral layer of the pe rica rdium ; the 
other layer of the nericardi um.'cai rcdlts varietal layer , is situated 
at some little distance from the heart, being attached below to the 
diaphragm, the partition between the thorax and the abdomen. 
The visceral and parietal layers are continuous for a short distance 
along the great vessels at the base of the heart, and so form a closed 
sac. This sac is lined by e ndothe lium ; in health it contains just 
enough lymph to luBrleaW tlie'Two surfaces and enable them to 
glide over each other smoothly (luring the movements of the 
heart. The presence of el astic fibres in the m emhra no-a nables 
the epicaiH I um t ^ iollow..without hiudram^ l^ujehuugjxig shape .pf 
the hea rt it self. 
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The pericardium is a comparatively simple serous membrane, because the 
organ it encloses is a single one of simple external form. All serous 
membranes are of similar structure ; thus the pleura which encloses the 
lung, and the peritoneum'll hich encloses the abdominal viscera differ from 
it only in anatomical arrangement. The great complexity of the peritoneum 
is due to its enclosing so many organs. Each consists of a visceral layer 
applied to the organ or organs it encloses ; and a parietal layer continuous 
with this in contiguity with the parietes or body-walls. 

The Chambers of the Heart. —The interior of the heart is 
divided by a longitu dinal partition in such a manner as to form 
two chief ch ambers o r cavities—right and left. Each of these 
chambers is again 'subdivided.transversely into an upper and a 
lower portion, called respectively, auricle and ventricle, which 
freely communicate one with the other ; the aperture of communi¬ 
cation, however,,ia.,gq#.rdcd by. yalves, so disposed, as to allow 
blood to pass freely from the auricle into the ventricle, but not in 
the-opposite direction. There are thus four cavities in the heart 
—tlieauncte” ahd ventricle of one side being quite separate from 
[those of the other (figs. 349, 350). 

Right Auricle .—The right auricle is situated at the right part 
of the base of the heart as viewed from the front. It is a thi n 
walled cavity of more or less quadrilateral Bhape, prolonged at one 
corner into a tongue-shaped portion, the right auricular appendix, 
which slightly overlaps the exit of_t he great ar tery , the , aorta, 
from the heart. 

The interior is smooth, being lined with the general lining of 
the heart, the endocardial, and into it open tjhe superior and 
infenyi:j;qjaai. v cavijc, or great veins, which convey the blood from 
all parts of the body £6 the heart. The opening of the inferior 
cava is protected and partly covered by a membrane called the 
E ustachian valve. In the posterior wall of the auricle is a slight 
depression called the fossa ovalis, which corresponds to an open¬ 
ing between the right and left auricles which exists in foetal life. 
The coronary sinus, or the dilated portion of the right coronary 
vein, also opens into this chamber. 

Right Ventricle. —The right ventricle occupies the chief part of 
the anterior 8urfage-,Qf Jfc htP, h eart..-as well as a small part of the 
posterior surface; it forms the right margin of the heart. It 
takos no part in the formation of the apex. On section its cavity, 
in consequence of the encroachment upon it of the septum veutri- 
culorum, is semilunar or crescentic (fig. 351); into it are two 
openings, the <nmwii^Mnti.iwiini. n nd the openin g 

°f the pnlrrgymry ar tery also at the base, but more to the left; 
both orifices are guarded by valves, the . former called t/dstmad 
and the lat ter semilunar. In this ventricle are also the pro- 
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jections of tlie muscular tissue called columnai cameae (described 
at length p. 384). 

Left Auricle .—The left auricle is situated at the loft and posterior 



Fig. 340.—The right auricle and ventricle opened, and a part of their right and anterior 
walla removed, so as to show their interior, [r.—i, superior vena cava; 2, inferior 
vena cava : 2', hepatic veins cut short; 3, right auricle ; 3', placed in the fossa ovalia, 
below which is the Eustachian valve ; 3", is placed close to the aperture of the coronary 
vein; 4 - 4 -, placed in the aurieulo-ventrieular groove, where a narrow portion of the 
adjacent walls of the auricle and ventricle has been preserved; 4, 4, cavity of the right 
ventricle, the upper figure is immediately Mow the semilunar valves; 4', large columna 
camea or musculus papillaris; 5, 5', 5", tricuspid valve; 6, placed in the interior of 
ihe pulmonary artery, a part of the anterior wall of that vessel having been removed, 
and a narrow portion of it preserved at its commencement, where the semilunar valves 
are attached; 7, concavity of the aortic arch close to tin) cord of the ductus arteriosus; 
8, ascending part or sinus of the arch covered at its commencement by the auricular 
appendix and pulmonary artery; 9, placed between the innominate and left carotid 
arteries; 10, appendix of the left auricle; n, n, the outside of the left ventricle, the 
lower figure near the apex. (Allen Thomson.) 

« 


part of the base of the heart, and is best seen from behind. It i« 
quadrilateral, and receives on either side two pulmonary vein s. 
The auricular appendix is the only part of'tlie auricle seen from 
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the front, and corresponds with that on the right side, but is 
thicker, and the interior is smoother. 

pjigjitly tliirkAr tWn tV>n ri£lif The left auriculo-veutricular 



Fig. 350.—Tlie left auricle and ventricle opened and a part of their anterior and left walls 
removed. t-—The pulmonary priory has been divided at its commencement; the 
opening into the left ventricle is carried a short distance into the aorta between two 
of the segments of the semilunar valves; and the left part of the auricle with its 
appendix haB been removed.- The right auricle is out of view. 1, the two right pul¬ 
monary veins out short; their openings an- seen within the auricle; 1', placed within 
the cavity of the auricle on the left side of the septum and on the part which forms the 
remains of the valve of the foramen ovale, of which the crescentic fold is seen towards 
the left hand of r'; 2, s. narrow portion of the wall of the auricle and ventricle preserved 
round the auriculo-vontricular orifice; 3,3', the cut surface of the walls of the ventricle, 
seen to become very much thinner towards 3", at the apex; 4, a small part of the 
anterior wall of the left ventricle which has been preserved with the principal anterior 
coluronu camea or museulus papillaris attached to it; 5, 5, musculi papillares ; 5’, the 
left side of the septum, between the two ventricles, within the cavity of the left 
ventricle; 6^6',.the. mitral.valve; 7, placed in the interior of the aorta, near its com¬ 
mencement and above the three s empents of its sem il u na r v al ve which ar e hanging 
loosely together; 7', the exterior of*fhe RllrtlB‘sinus j 8, UficYOWWflicpfflinonary 
artery and its semilunar valves; 8', the separated portion of the pulmonary artery 
remaining attached to the aorta by 0, the cord of the ductus arteriosus; 10, the 
arteries rising from the summit of the aortic arch. (Allen Thomson.), 
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orifice is oval, and a little' smaller than that on the right side of 
the heart. There is a slight vestige of the foramen between the 
auricles, which exists in foetal life, on the septum between them. 

Left Ventricle .—Though taking part to a comparatively slight 
extent in the anterior surface, the left ventricle occupies the 
chief part of the posterior surface. In it are two openings very 
close together, viz. the au ricnlo-ventricular and the aortic, gua rded 
by the valves corresponding to those of the right side'of the heart, 
viz. the bicuspid or mitral and the semilunar. The first opening 



Cavity of right ventricle 


Cavity of left ventriele. 


Pig. 351.—Transverse section of bullock’s heart in a state of cadaveric rigidity. (Dalton. 


is at the left and back part of the base of the ventricle, and the 
aortic in front and towards the right. In this ventricle, as in the 
right, are the eolumme carnea>, which are smaller but more 
closely reticulated. They are chiefly found near the apex and 
along the posterior wall. They will be again referred to with the 
; description of the valves. The walls of the left ventricle, which 
are nearly half an inch in thickness, arc, with the exception of the 
apex, t wice or three times as thick as those x>f the righ t. 

Capacity of“lEe (3hambors .—During life each ventricle is 
capable of containi ng about four to six ounces (abo ut t 80 grins . 1 
of blood. jThe capacity of the auricles after death is rather less 
than that of the ventricles :$the thickness of their walls is con¬ 
siderably less. f.The latter condition is adapted to the small amount 
of force which the auricles require in order to empty themselves 
into their adjoining ventricles ; the former to the circumstance of 
the ventricles being partly filled with blood before the auricles 
contract. 

Size and Weight of the Heart. —The heart is about 5 inches 
long (about 12 6 cm.), 3 J inches (8 cm.) greatest width, and 2J 
inches (6-3 cm.) in its extreme thickness. The average weight of 
the heart in the adult is fro m q to 10 ounces (about 200 gr ms.l; 
fits weight gradually increases throughout life till middle age j 
Pt-iim Mshqs in old a go. 
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Structure. —The walls of the heart are constructed almost 
entirely of Jayers o f muscular fibraa-i. huh a ring^pf collective 
tisan e, to which some of the muscular fibres are attached, is 
inserted between each auricle and ventricle, and forms the 



Fig. 352.—Network of muscular fibres from the heart of a pig. The nuclei are well shown. 

X 450. (Klein and Noble Smith.) 

boundary of the auriculo-ventricular opening. Fibrous tissue also 
exists at the origins of the pulmonary artery and aorta. 

The muscular fibres of each auricle are in part continuous with 
those of the other, and partly separate; and the same remark 
holds true for the ventricles. 

The minute structure of the striated muscular fibres of the 
-heart has been already described (p. 93). 

Endocardium. —As the heart is clothed on the outside by the 
epicardium, so its cavities are lined by a smooth and shining 
membr ane, or e ndocardium , which is directly continuous w ith the 
internal lining of the arteries and veins.' The endocardium is 
c omposed o f connective tis sue with a large admixture of elastic 
fibres ; and on its inner surface is laid down a single tesselateS 
layer of flattened endothelial cells. Here and thero unstriped 
muscular fibres are sometimes found in the tissue of the endo¬ 
cardium. 

Valves. —The arrangement of the heart’s valves is such that 
the blood can pass only in one direction-(fig. 353). 

The tricusvid valve (s.-fig. Presents, ftree pr incipal c.u sps 

or subdivisions, and the mitral or bicuspid vnlye two spft h 
p ortion s (6, fig. 350). But in both valves there is between each 
two principal portions a smaller one : so that more properly, the 
tricuspid may be described as, (consistin g of six, and the mitral of 
f our, portio ns. Each portion is of triangular form" '' Its base is 
continuous with the bases of the neighbouring portions, so as 
to form an annular membrane around the auriculo-ventricular 
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opening, and is fixed to a tendinous ring which encircles the 
orifice between the auricle and ventricle and receives the inser¬ 
tions of the muscular fibres of both. In each principal cusp may 
be distinguished a central part, extending from base to apex, and 
including about half its width. It is thicker and much tougher 
than the border pieces or edges. 

While the bases of the cusps of the valves are fixed to the ten¬ 
dinous rings, their ventricular surface and borders are fastened by 
slender tendinous fibres, the chordae tendinea', to the internal surface 



Fig. 353.—Diagram of the circulation through the heart. (Dalton.) 

of the walls of the ventricles, the muscular fibres of which project 
into the ventricular cavity in the form of bundles or columns— 
the colwnmce canteen. These columns arc not all alike, for while 
some are attached along their whole length on one side, and by 
their extremities, others are attached only by their extremities; 
and a third set, to which the name musculi papillares has been 
given, are attached to the wall of the ventricle by one extremity 
only, the other projecting, papilla-like, into the cavity of the 
ventricle (4, fig. 350), and having attached to it chordae tendineee. 
Of the tendinous cords, besides those which pass from the walls 
of the ventricle and the musculi papillares to the margins of the 
valves, there are some of especial strength, which pass from the 
same parts to the edges of the middle and thicker portions of the 
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cusps before referred to. The ends of these cords are spread out 
in the substance of the valve, giving its middle piece its peculiar 
strength and toughness ; and from the sides numerous other more 
slender and branching cords are given off, which are attached all 
over the ventricular surface of the adjacent border-pieces of the 
principal portions of the valves, as well as to those smaller 
portions which have been mentioned as lying one between each two 
principal ones. Moreover, the musculi papillares are so placed 
that, from the summit of each, tendinous cords proceed to the 
adjacent halves of two of the principal divisions, and to one inter¬ 
mediate or smaller division, o£ the valve 

The preceding description applies equally to the mitral and 
tricuspid valve ; but it*should be added th at the mit ral is.,con¬ 
sid erably thicker ■ apd a tronfea*- , jn acc ordance 

:with the grealerjfo^ . 

! The semilunar valves guard .the orifices of the pulmonary art ery 
a nd of the aorta . They arc nearly alike on both sides of the 
^ f ^ ut tl c a rtic^yalA .tMv.keibapd.,l»ore 

strongly constructed th au.dkc^t>uhta»»arv^valves. in accordance 
with the greater pressure which they have to withstand. Each 
valve consists of three parts which are of semilunar shape, the 
convex margin of each being attached to a fibrous ring at the 
place of junction of the artery to the ventricle, and the concave 
or nearly straight border being free, so as to form a little pouch 
like a watch-pocket (7, fig. 350). In the centre of the free edge 
of the pouch, which contains a fine cord of fibrous tissue, is a 
small fibrous nodule, the 'cor^us^ ^ra.nliL and from this and from 
the attached border fine fiWes extend into every part of the mid 
substance of the valve, except a small lunated space just within 
the free edge, on each side of the corpus Arantii. Here the valve 
is thinnest, and composed of little more than the endocardium. 
Thus constructed and attached, the three semilunar pouches are 
placed side by side around the arterial orifice of each ventricle, 
which can be separated by the blood passing out of the ventricle, 
but which immediately afterwards are pressed together so as to 
prevent any return (6, fig. 349, and 7, fig. 350). This will be 
again referred to. Opposite each of the semilunar cusps, both in 
the aorta and pulmonary artery, there is a bulging outwards of 
the wall of the vessel : these bulgings are called the sinuses of 
V alsa lva. 

Structure .—The valves of fche heart are formed of a layer of 
closely woven copn^ti^^-antL_elastic -tiaaue, over which, on every 
part, is reflected the endocardium. 


K.P. 
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Course of the Circulation. 


The blood is conveyed away from the left ventricle (as in the 
diagram, fig. 354) by the aorta to the arteries, and returned to 


Pulmonary 

artery. 


Superior cava or 
vein from head 
and neck. 

Right auricle. 
Inferior vena 
cava. 


"Right ventricle, —, 


Portal circula¬ 
tion. 


Second renal 
circulation. 



Pulmonary 

capillaries. 

Pulmonary veins 

Aorta. 

Arteries to head 
and neck. 

Left auricle. 

Left ventricle. 

Gastric and in¬ 
testinal vessels. 

First renal cir¬ 
culation. 


..Systemic 

capillaries. 


FIS'' 354 -—Diagram of the circulation. 


the right auricle by the veins, the arteries and veins being con¬ 
tinuous with each other at the far end by means of the capillaries. 

From the right ai m d.&.. the .. b k< 4 _ J> agscg. .tQJditL Jlight venja ade, 
and then by the pulmonary artery, which divides into two, one 
for each lung, then through the pulmonary capillaries, and 
through the pulmonary veins {two from each ltmg) to the left 
auricle. From here it passes into the left ventricle, which brings 
us back to where we started from. 

The complete circulation is thus made up of two circuits, the 
one, a shorter circuit from the right side of the heart to the 
lungs and back again to the left side of the heart; the other and 
larger circuit, from the left side ol‘ the heart to all parts of the 
body and back again to the right side. The circulations through 
the lungs and through the system generally are respectively 
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circulations. It will be noticed also in the same figure that a 
pbrRBfi^of the stream of blood having been diverted once into 
the capillaries of the intestinal canal, and some other organs, and 
gathered up again into a single stream, is a second time divided 
in its passage through the liver, before it finally reaches the 
heart and completes a revolution. This subordinate stream 
through the liver is called the Portal circulat ion. A somewhat 
similar accessory circulation is that through the kidneys, called 
the Renal circ ulatio n. The difference of colours in fig. 354 
indicates rouglily the difference between arterial and venous blood. 
The b lood is ox ygenated in th e lun g s, and the f ormation of 
oxvluemo cdo bin g iv es to the blood a bright 
red colour. This oxygenated or 'arterial 
blood (contained in the pulmonary veins, the 
left side of the heart, anil systemic arteries) is , 

in part reduced in the tissues, and the deoxy- i 

genated haemoglobin is darker in tint than the 
oxy haemoglobin ; this venous blood passes by 
the systemic veins to the right side of the heart 
and pulmouary^artery to the lungs, where it 1 

once more receives a fresh supply of oxygen. 

The Arteries. 

Distribution^— The arterial system begins 
at the left venttoclbA^t^flngle large trunk, ■ 

the aorta, which almost immediately after its 
origin gives^ofie>®« 'Jdre tfcdtftx three large Fig. 355.—Minute artery 
branches for the supply of the head, neck, section. «. Nucleated 
and upper extremities ; it then traverses the with th faint m nude? n in 

thorax and abdomen, giving off branches, ibSrc’ i°ra!^cme^ 
some large and some small, for the supply of brane. m. Muscular 

,, . . xx ^ coat or tunica media, 

the various organs aud~ tissues it passes on a. Tunica adventitia. 

its way. In the abdomen it divides into two Sth.) x^o. Noble 
chief branches, for the supply of the lower 
extremities. The arterial branches wherever given off divide and 
'Subdivide* until the calibre of each subdivision becomes very 
minute, and these minutje vessels pass into capillaries. Arteries 
"are, as a rule), placed' in situations protected from pressure and 
other dangers, and are, with few exceptions, straight in their 
courgfe,“4ti>4.^reqii^!itly communicate (anastomose or inosculate) 
With other arteries. ' The branches are usually given olf at an 
acute angMf, and the arte of the branches of an artery generally 
exceeds that of the parent trunk; and as the distance from the 
w v ' * C C 2 
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origin is increased, the area of the combined branches is increased 
also. After death, arteries are usually found dilated ('not collapsed 



Kg- 35 ®-—Transverse section through a large branch of the inferior mesenteric artery of a 
pig. e, endothelial membrane; i, tunica elastica interna, no subendothelial layer is 
seen; m, muscular tunica media, containing only a few wavy elastic fibres; e, e, 
tunica elastica externa, dividing the media from the connective-tissue adventitia, a. 
(Klein and Noble Smith.) x 350. 


QO _tjhr Ttntn-nr?) mid empty, and it was to this fact that their 
names ( apTrjpia , the windpipe) was given them, as the ancients 

believed that they conveyed air to the 

( / / various parts of the body. As regards 

J the arterial system of the lungs, the 

H pulmonary artery is distributed much 

\ w, as the arteries belonging to the 

1 jm general systemic circulation. 

|l « |li Structure .—The walls of the arte- 

I ||i * ries are composed of three coats, 

" Jr termed (a) the external or tunica 

/ w ' adventitia, (b) the middle or tunica 

r 1 media, and (c) the internal or tunica 

I 1 ' intima. 

r 1 / 1 («) The external coat or tunica 

V | adventitia (figs. 355 and 356, a), 

f 1 the strongest and toughest part of 

Fig. 357.—Muscular flbrc-cellH frori the Wal1 ° f the artery, is formed of 
fc^TK’iiire*^ iC 3£SQl?£Mfm& With which i* mingled 
cieua. A. fibre-ceil treated throughout a network of _ elastic 
with acetic acid. fibres . At the inner part of this 

outer coat the elastic ^network forms, ii^ some arteries, So distinct 
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a layer as to be sometimes called the external elastic coat 
(fig. -356, e). ~~ ——— 

(b) The middle coat (fig. 356, m) is composed of both muscula r 
an d elastic fi bres, with a certain proportion of arepHr tiRgn , p In 
the larger arteries (fig. 358) its thickness is comparatively as well 
as absolutely much greater than in the small, constituting, as it 



Endothelium. 
Bub-endothelial layer. 
Elastic intima. 


Middle coat. 


Eig. 358.—Transverse section of aorta through internal and about half the middle coat. 


does, the greater part of the arterial wall. The muscular fihvea 
ar c unstriped (fig . 357), and are arranged for the most part trans¬ 
versely to the long axis of the artery; while the elastic element, 
taking also a transverse direction, is disposed in the form of 
closely interwoven and branching fibres, which intersect in all 
parts the layers of muscular fibre. In arteries of various sizes 
there is a difference in the proportion of the muscular and 
elastic element, e lastic tissue, preponderating in the larg est 
4u*teries, and unstriped muscle in those of me dium and small 
sizeT^" -*---- " ■ ~ r 

(c) The internal coat is formed by a layer of elastic tissue, 
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called the fenestrated membrane 'Cf .J£enle. Its -inner surface is 
lined with a delicate l&yer of elongated endothelial cells (fig. 



356, e), which make it 
smooth, so that the blood 
may flow with the smallest 
possible amount of resist¬ 
ance from friction. 

Immediately external to 
the endothelial lining of 
the artery is fine connective 
tissue, sub-endothelial layer , 
with branched corpuscles. 
Thus the internal coat con¬ 
sists of (at) an 

endotheliaT Tiriintr. lb) the 
sub-endothelial layer, and 
(c) elastic layer. 

Vasa Vasorum. — The 
walls of the arteries are, 
like other parts of the 


Fig. 359.—Bamifieationof nerves and terroinatit a 
in the muscular coat of a small artery .of the 
frog. (Arnold.) 


body, supplied with little 
arteries, ending in capil¬ 
laries and veins, which. 


branching throughout the external coat, extend for some distance 


into the middle, but do not reach the internal coat. These 


nutrient vessels are called vasa vasorum . 

Nerves .—Most of the arteries are surrounded by a plexus of 
sympathetic nerves, which twine around the vessel very much 
like ivy round a tree: and ganglia are found at frequent in¬ 
tervals. They terminate in a plexus between the muscular 
fibres (fig. 359). 


The Veins. 


Distribution. —The venous system begins in small vessels which 
are slightly larger than the capillaries from which they spring. 
These vessels are gathered up into larger and larger trunks until 
they terminate (as regards the systemic circulation) in the two 
venee cava; and the coronary veins, which enter the right auricle, 
and (as regards the pulmonary circulation) in four pulmonary 
veins, which enter the left auricle. The total capacity of the 


veins diminishes as they approach {he heart; but 
itv exceeds b 




arterieB. The mjlmonary veins, however, are an exception 


to this rule, as' they donot exceed in capacity the pulmonary 
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a rter ies. The veins are fou nd alter deatJx mQ3»..m^ leaa Q ^la^«e d, 
owi ng to their .waSt of - ela st ici t y. They are usually distributed 
in a superficial and a deep set which communicate frequently in 
their course. 

Structure .—In structure the coats of veins bear a general re¬ 
semblance to those of arteries (fig. 360). Thus, they-possess 
outer, middle, and internal 


coats. 

The outer coat is con¬ 
structed of areolar tissue 
like that of the arteries, but . 
is thicker. In some veins 
it contains muscular fibre- 
cells, which are arranged 
longitudinally. 

The middle coat i s con¬ 
side rably thinner than that 
of the arteries^ It contains 
circular unstriped muscular 
fibres, mingled with a fewj 
elastic .fibres and a large pro-j 
portion of white fibr ous tissue. ' 
In the large veins, near 'the 
heart, namely, the vena cava j 
and pulmonary veins, the 
middle coat is rep laced, for 
some distance from the 



heart, by circularly arranged 

stri ped muscu lar. , fibre s. 

Qoiitinunuswith those oLthe 

auriclesr- 

The internal coat of veins 
has a very __th ig- fenestrated 
membrane, which may' be 
absent in the smaller veins. , 
The endothelium is made up 0 
of cells elongated in the 
direction of the vessel, but 
wider than in the arteries. 

Valves. —The c hief influ - 
epge wHich the veins have i n 
the circulation, is effected w 
tained in all veins subject to 
between or near which they 


Fig. 360.—Transverse section through a fsmall 
artery and vein of the mucous membrane 
of a child’s epiglottis; the artery is thick- 
wolled and the vein thin-walled, a. Artery, 
the letter is placed in the lumen of the 
vessel, r. Endothelial cells with nuclei clearly 
visible; these cells appear very thick from the 
contracted state of the vessel. Outside it 
a double wavy line marks the elastio layer 
of the tunica intima. m. Tunica media, 
consisting of unstriped muscular fibres cir¬ 
cularly arranged; their nuclei are well seen. 

Part of the tunica adventitia showing 
bundles of connective-tissue fibre in section, 
with the circular nuclei of the connective* 
tissue corpuscles. This coat gradually 
merges into the surrounding connective- 
tissue. v. In the lumen of the vein. The 
other letters indicate the same as in the 
artery. The muscular ooat of the vein (m) 
is seen to he much thinner than that of the 
artery, x 350. (Klein and Noble Smith.) 


th the help of the v alves . con- 
local pressure from the muscles 
run. The general construction 
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of these valves is similar to that of the semilunar valves- of the 
aorta and pulmonary artery, already described; but their free 
margins are turned in the opposite direction, i.e., towards the heart. 


A 



Fig. 361.—Diagram showing valves of veins, a, part<of a vein laid open and spread out, 
with two pairs of valves, b, longitudinal section of a vein, showing the apposition of 
the edges of the valves in their closed state, c portion of a distended vein, exhibiting 
a swelling in the situation of a pair of valves. 

so as to prevent any movement of blood backward. They are 
commonly placed in pairs, at various distances in different veins, 
but almost uniformly in each (fig. 361). In the smaller veins 

A B 


M 


Mg. 162 .—a, vein with valves open, b, with valves closed; stream of blood passing off by 

lateral channel. (Dalton.) 

t 

single valves are often met with ; and three or four are sometimes 
placed together, or near one another, in the largest veins, such 
as the subclavian, at their junction with the jugular veins. 
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The valves are semilunar; the unattached edge being in some 
examples concave, in others straight. They are composed of 
an outgrowth of the subendothelial tissue covered with endothe¬ 
lium. Their situation in the superficial veins of the forearm is 
readily discovered by pressing along their surface, in the direction 
opposite to the venous current, i.e., from the elbow towards the 
wrist; when little swellings (fig. 361, c) appear in the position of 
each pair of valves. These swellings at once disappear when the 
pressure is removed. 



Fig. 363,—Surface view of an artery from the mesentery of a fiog. ensheathed 
iii a port-vascular lymphatic vessel, a, the artery, with its circular mus¬ 
cular coat (media) indicated liy broad transverse markings, with an indica¬ 
tion of the adventitia outside, t, lymphatic vessel; its wall is a simple 
endothelial membrane. (Klein and Noble Smith.) 


Valves are not equally numerous in all veins, and in many 
they arc absent altogether. They are most numerous in the veins 
of the extremities, and more so in those of the leg than the arm. 
They are commonly absent in veins of less than a line in dia¬ 
meter, and, as a general ru\e, there are few or none in those 
which are not subject to muscular pressure. Among those veins 
which have no valves may be mentioned the superior and infe¬ 
rior vena cava, the pulmonary veitls, the veins in the interior of 
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the cranium and vertebral column, the veins of bone, and the 
umbilical vein. 

Lymphatics of Arteries and Veins. —Lymphatic spaces are 
present in the coats of both arteries and veins. In the external 
coat of large vessels they form a plexus of more or less tubular 
vessels. In smaller vessels they appear as spaces lined by endo¬ 
thelium. Sometimes, as in the arteries of the omentum, mesentery, 
•and membranes of the brain, in the pulmonary, hepatic, and 
splenic arteries, the spaces are continuous with vessels which dis¬ 
tinctly ensheat.h them —perivascular lymphatics (fig. 363). 


The Capillaries. 

In all vascular textures except some parts of the corpora caver¬ 
nosa of the penis, and of the uterine placenta, and of the spleen, 
the transmission of the blood from the minute branches of the 
arteries to the minute veins is effected through a network of 
capillaries. 

Their walls are composed of endothelium—a single layer of 
elongated flattened and nucleated cells, so joined and dovetailed 
together as to form a continuous transparent membrane (fig. 364). 



Fig. 364.—Capillary blood-vessels from the omentum of rabbit, showing the nucleated 
endotheual membrane of which they are composed. (Klein and Noble Smith.) 

Here and there the endothelial cells do. not fit quite accurately ; 
the space is filled up with cement material; these spots are 
called pseudo-stoma ta. 

The diameter 01 the capillary vessels varies somewhat in the 
different tissues of the body, the most common size being about 
ao\)p th of an inch, 12 p. Among the smallest may be mentioned 
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those of the brain, and of the follicles of the mucous membrane 
of the intestines; among the largest, those of the skin, lungs, and 
especially those of the medulla of bones. 

The size of capillaries varies necessarily in different animals in 
relation to the size of their blood-corpuscles: thus, in the Proteus, 
the capillary circulation can just bo discerned with the naked 
eye. . 

Th a form of the capillary network presents considerable variety 
in the different tissues of the body: the varieties consisting 
principally of modifications of two chief kinds of mesh, the 
rounded and the elongated. That kind in which the meshes or 



Fig. .165.—Network of capillary ves¬ 
sels of the air-cells of the horse’s 
lung magnified, a, a, capillaries 

E roeeeding from b, b, terminal 
ranches of the pulmonary ar¬ 
tery,. (Frey.) 



Fig. 366.—Injected capil¬ 
lary vessels of muscle 
seen with a low mag¬ 
nifying power. -SEED -J 
(Sharpey.) 


interspaces have a roundish form is the most common, and 
prevails in those parts in which the capillary network is most 
dense, such as the lungs (fig. 365), most glands and mucous 
membranes, and the cutis. The meshes of this kind of network 
are not quite circular but more or less angular, sometimes pre¬ 
senting a nearly regular quadrangular or polygonal form, but 
being more frequently irregular. The capillary network with 
elongated meshes is observed in parts in which the vessels are 
arranged among bundles of fine tubes or fibres, as in muscles and 
nerves. In such parts, the mqshes form parallelograms (fig. 366), 
the short sides of which may be from three to eight or ten times 
less than the long ones; the long sides being more or less parallel 
to the long axis of the fibres. 
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The number of the capillaries and the me of the meshes in 
different parts determine in general the degree of vascularity of 
those parts. The capillary network is closest in the lungs and 
in the choroid coat of the eye. 

It may be held as a general rule, that the more active the 
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Fig. 367.—Diagram of the principal groups of Lymphatic vessels. (From ftuain.) 


functions of an organ are, the more vascular it is. Hence the 
narrowness of the interspaces in all glandular organs, in mucous 
membranes, and in growing parts; their much greater width in 
bones, ligaments, and other tough and comparatively inactive 
tissues. 
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Lymphatic Vessels. 

The blood leaves the heart by the arteries; it returns to the 
heart by the veins; but this last statement requires modification, 
for in the capillaries some of the blood-plasma escapes into the 
cell spaces of the tissues and nourishes the tissue-elements. 
This fluid, called lymph, is gathered up and carried back again 
into the blood by a system of vessels called lymphatics. 



■ Fig. 368.—Superficial lymphatics of right groin and upper part of thigh. §.— 

1. Upper inguinal glands. 2,2'. Lower or inguinal or femoral glands. 3, 3'. 
Plexus of, lymphatics in t}ie course of the long saphenous vein. (Mascagni.) 1 

The principal vessels of the lymphatic system iare, in structure,, 
like small thin-walled veins, provided with upmerpus, valves. „The 
beaded appearance of the lymphatic vessels shown in figls.' 368 
and 369 is due to the presence of these valves. They corm 
mence in fine microscopic lymph-capillaries, in the organs and 
tissues of the body, and they end in two trunks which opeii 
into the large veins near the heart; (fig. ,367 ). The fluid which 
they contain, unlike the; blood, passes .only.,in ope .direction', 
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namely, from the fine branches to the trunk, and so to the 
large veins, on entering which they are mingled with the stream 
of blood and form part of its constituents. In fig. 367 the 
greater part of the contents of the lymphatic system of vessels 
will be seen to pass through a comparatively large trunk called 
the thoracic duct, which finally empties its contents into the blood- 



Fig. 369.—Lymphatic vessels of the head and neck and the upper part of the trunk 
(Mascagni). —The chest and pericardium have been opened on the left side, and 

the left mamma detached and thrown outwards over the left arm, so as to expose a 
great part of its deep surface. The principal lymphatic vessels and glands are shown 
on the side of the head and face, ana in the neck, axilla, and mediastinum. Between 
the left internal jugular vein and the common carotid artery, the upper ascending part 
of the thoracic duct marked 1, and above this, and descending to 2, the arch ana last 
part of the duct. The termination of the upper lymphatics of the diaphragm in the 
mediastinal glands, as well as the cardiac and the deep mammary lymphatics, is also 
shown. 

stream, at the junction of the internal jugular and subclavian 
veins of the left Bide. There is a spialler duct on the right side. 
The lymphatic vessels of the intestinal canal are called lacteals , 
because during digestion the fluid contame3~Tn them resembles 
‘milk in appearance; and the lymph in the lacteals during the 
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period of digestion is called chyle. There is no distinction of 
structure^ - EoweYeF ) ’"Fetween _ Tacteals and lymphatics. In some 


parts of its course the lymph ; stream 
must pass through lymphatic glands, 
to be described later on. 

Origin of Lymph Capillaries .— 
The lymphatic capillaries commence 
paost commonly either (a) in closely- 
meshed networks, or (It) in irregular 
lacunar spaces between the various 
structures of which the different 
organs are composed. In serous 
membranes such as the omentum 
and mesentery they occur as a con¬ 
nected system of very irregular 
branched spaces partly occupied by 
connective-tissue corpuscles, and 
both in these and in many other 
tissues are found to communicate 
freely with regular lymphatic 
vessels. In many cases, though 
they are formed mostly by the 
chinks and crannies between the 
blood-vessels, secreting ducts, and 
other parts which may happen to 
(orm the framework of the organ in 
which they exist, they are lined by 
a distinct layer of endothelium. 

The lacteals offer an illustration 
of another mode of origin, namely 
(c) in blind dilated extremities in 
the villi of the small intestine. 

Structure of Lymph Capillaries .— 
The structure of lymphatic capil¬ 
laries is very similar to that of blood- 
capillaries ; their walls consist of a 
single layer of elongated endothelial 
cells with sinuous outline, which 
cohere along their edges to form a 
delicate membrane. They differ 
from blood - capillaries mainly in 
their larger and very variable 



Kg'. 370.— Superficial lymphaticB of 
flic forearm and palm of the hand. 
•J. —5. Two small glands at tho hend 
of the arm. 6. Radial lymphatic 
vessels. 7. Ulnar lymphatic vessels. 

8, 8'. I’almar arch of lymphatics. 

9, 9'. Outer and inner sets of ves¬ 
sels. b. Cephalie vein. d. Radial 
vein. e. Median vein. /. Ulnar 
vein. The lymphatics are repre¬ 
sented as lying on the deep fascia. 
(Mascagni.) 


calibre, and in their numerous communications with the spaces 


of the lymph-canalicular system. 
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In certain parts of the body, stomata exist, by which lymphatio 
capillaries directly communicate with parts formerly supposed to 
be closed cavities. They have been found in the pleura, and in 
other serous membranes; a serous cavity thus forms a large 
lymph-sinus or widening out of the lymph-capillary system with 
which it directly communicates. 

A very typical plexus of lymphatic capillaries is seen in the 
central tendon of the diaphragm. Fig. 371 represents the appear¬ 
ance presented after staining with silver nitrate. 



Fiff. 37*.—Lymphatics of central tendon of rabbit’s diaphragm, stained with silver nitrate. 
The shaded background is composed of bundles of white fibres, between which the 
lymphatics lie. I, Lymphatics lined by long narrow endothelial cells, and showing v 
valves at frequent intervals. (Schofield.) 


CHAPTER XXXIV. 

THE CIRCULATION OF THE BLOOD. 

* f 

In the preceding chapter, we have seen what the j ^urse of th e- - 
Quotation is, and we have devoted considerable space to astudy 
of the structure of the heart and vessels. We have now to 
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approach the more strictly physiological side of the subject, and 
study the means b y which the blood is kept in movement, so that 
it may convey nutriment .to all parts, and remove from those parts 
the waste products of their.Activity. 

Previous to the time of Harvey, the vaguest notions prevailed 
regarding the use and movements of the blood. The arteries 
were supposed by some to contain air, by others to contain a 
more subtle essence called animal spirits ; the animal spirits were 
supposed to start from the ventricles of the brain, and they were 
controlled by the soul which was situated in the pineal gland. 
How the animal spirits got ipto the arteries was an anatomical 
detail which was bridged across by the imagination. 

There was an idea that the blood moved, but this was con¬ 
sidered to be a haphazard to and fro movement, and confined to 
the veins. The proofs that the movement is a movement in a 
circle were discovered by William Harvey, and to this eminent 
discoverer also belongs the credit of pointing out the methods by 
which every physiological problem must be studied. In the first 
place there must be correct anatomical knowledge, and in the 
second there must be experiment, by which deductions from 
structure can be tested; moreover, this second method is by far 
the more important of the two. Harvey’s proofs of the circulation 
came under these two heads. The structural or anatomical facts 
upon which he relied were the following: 

1. The existence of two distinct sets of tubes in connection 
with the heart, namely the arteries and the veins. 

2. The existence in one of these, the veins, of valves which 
would only allow the passage of the blood in one direction. 

His experimental facts were the following : 

3. That the blood spurts with great force and in a jerky 
manner from an artery opened during life, each jerk corresponding 
with a beat of the heart. 

4. That if the large veins near the heart are tied, the heart 
becomes pale, flaccid, and bloodless, and on removal of the ligature 
the blood again flows into the heart. 

5. If the aorta is tied, the heart becomes distended with blood, 
and cannot empty itself until the ligature is removed. 

6. The preceding experiments were performed on animals, but 
by the following experiment he showed that the circulation is a 
fact in man also ; if a ligature is drawn tightly round a limb, no 
hlood can enter it, and it becomes pale and cold. If the ligature 
is somewhat relaxed so that blood can enter but cannot leave the 
limb, it becomes swollen. If the ligature is removed, the limb 
soon regains its normal appearance. 

K.P. 


D D 
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7. Harvey also drew attention to the fact that there is general 
constitutional disturbance resulting from the introduction of a 
poison at a single point, and that this can only be explained by a 
movement of the circulating fluid all over the body. 

Since Harvey’s time many other proofs have accumulated ; for 
instance :— 

8. If an artery is wounded, hfemorrhage may be stopped by 

pressure applied between the heart and the wound; but in the 
case of a wound in a vein, the pressure must be applied beyond 
the seat of injury. ( 

9. If a substance which like ferrocyanide of potassium can be 
readily detected, is injected at a certain point into a blood vessel, 
it will after the lapse of a short interval have entirely traversed 
the circulation and be found in the blood collected from the same 
point. 

10. Our increased knowledge of the structure of the heart and 
its valves has shown that its structure is such as to permit the 
blood to pass in one direction only. 

11. Pei-haps the most satisfactory proof of the circulation is 
one within the reach of every student, though beyond that of 
Harvey. It consists in actually seeing the passage of the blood 
from small arteries through capillaries into veins in the trans¬ 
parent parts of animals, such as the tail of a tadpole or the web 
of a frog’s foot. Harvey could not follow this part of the 
circulation, for he had no lenses sufficiently powerful to enable 
him to see it. Harvey’s idea of the circulation here was that the 
arteries carried the blood to the tissues, which he considered to be 
of the nature of a sponge, and the veins collected the blood again, 
much in the same way as drainage pipes would collect the water 
of a swamp. The discovery that the ends of the arteries are 
connected to the commencements of veins by a definite system of 
small tribes we now call capillaries, was made by Mal pighi, in the 
year 1661. He first observed them in the tail of the' tadpole, 
and Leeuwenhoek, seven years later, saw the circulation in the 
lung of the frog. 

We can now proceed to study some of the princip le&. on w'hich 
the circulation depends :— 

The simplest possible way in which we could represent the 
circulatory system is shown in fig. 372 A. Here there is a closed 
ring containing fluid, and upon one point of the tube is an 
enlargement (H) which will correspond to the heart. It is 
obvious that if such a ring made of an ordinary Higginsons 
syringe and a tube were placed upon the table, there would be no 
movement of the fluid in it; in order to make the fluid move 
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there must be a difference of pressur e between different parts of 
the fluid, and thisTSfiftbreuce of pressure is caused in the fluid by 
the pressure on it of the heart walls. If, for instance, one takes 
the syringe in one’s baud and squeezes it, one imitates a con¬ 
traction of the heart : if the syringe has no valves, the fluid 
would pass out of each end of it in the direction of the two 
arrows placed outside the ring. When the pressure on the 
syringe is relaxed (this would correspond to the interval between 
the heart beats), the fluid would return into the heart again in 


A B 



the direction of the two arrows placed inside the ring. This, 
however, would be merely a to and fro movement, not a circula¬ 
tion. Fig. 372 B shows how this to and fro movement could, by 
the presence of valves, be converted into a circulation ; when the 
heart contracts the fluid could pass only in the direction of the 
outer arrow ; when the heart relaxes it could pass only in the 
direction of the inner arrow ; the direction of both arrows is the 
same, and so if the contraction and relaxation of the heart are 
repeated often enough the fluid will move* round and round within 
the tubular ring. 

The .main factor in ,.the circulation- is--difference...of, pressure. 
Fluid always flows in the direction of pressure; it could no more 
flow from a place where the pressure is low to where it is high 
than it could flow uphill. This difference of pressure is produced 
in the first instance by the contraction of t he hea rt, but we shall 
find in our study of the vessels that some of this pressu re is 
stored up in the elastic fyrfcerial .walls, and keeps up the circulation 
particularly during the periods of rest of the heart. 

Before passing on to consider the physiology of heart and 
vessels at greater length, let us take a few types of the circulatory 
system from different parts of the animal kingdom. 

» i» 2 
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In worms, and in tlie lowest vertebrate Amphioxm, the cir¬ 
culatory system is almost as simple as in the scheme just 
described; the heart is a long contractile tube provided with 
valves, which contracts and presses the blood forwards into the 
aorta at its anterior end ; this divides into arteries for the supply 
of the body ; the blood passes through these to capillaries, and is 
collected by veins which converge to one or two main trunks that 
enter the heart at its posterior end. 

In fishes, the heart is a little more complicated ; it is divided 
into a number of chambers placed in single file, one in front of 
each other; the most posterior which receives the veins is called 



Fig. 37.1.—The heart of a frog (Rana esculenta) from the front. 1 ', ventricle; Ad, right 
auricle; An, left amide; II, bulbus arteriosus, dividing into right and left aoi'he. 
(Ecker.) 


the sinus veuosus; this contracts and forces the blood into the 
next chamber called the auricle; this forces the blood into the 
next cavity, that of the ventricle, and last of all is the aortic bulb. 
From the bulb, branches pass to the gills where they break up 
into capillaries, and the blood is aerated : it then once more 
enters larger vessels which unite to form the dorsal aorta, whence 
the blood is distributed by arteries to all parts of the body ; here 
it enters the capillaries, then the veins which enter the sinus 
(whence we started) by a few large trunks. 

Taking the frog as an instance of an amphibian, we find the 
heart more complex still, and the simple peristaltic action of the 
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heart muscle as we have described it in the hearts of worm and 
fish, becomes correspondingly modified. There is only one 
ventricle, but there are two auricles, right and left. 

The ventricle contains mixed blood, since it receives arterial 
blood from the left auricle (which is the smaller of the two), and 
venous blood from the right auricle; the right auricle receives the 
venous blood from the sinus, which in turn receives it from the 
systemic veins. The left auricle, as in man, receives the blood 
from the pulmonary veins. 

When the ventricle contracts, it forces the blood onward into 



Fig 1 . .174.—The heart of it frog (liana esculent*) from the back, s.v., sinus venosusopened; 
a.s.*., left vena cava superior; ‘r.s.tt., right vena cava superior; c./., vena cava inferior; 
>'■/>; vena pulmonales ; A.tl., right auricle ; . 4 .x., left auricle ; A opening of com¬ 
munication between the right auricle and the sinus venosus. x 2A—3. (Ecker.). 


the aortic bulb which divides into branches on each side for the 
supply of the head (fig. 373, 1), lungs and skin (fig. 373, 3), and 
the third branch (fig. 373, 2) unites with its fellow of the opposite 
side to form the dorsal aorta for the supply of the rest of the 
body. 

Passing from the amphibians to the reptiles, we find the 
division of the ventricle into two beginning, but it is not complete 
till we reach the birds. The heart reaches its fullest development 
in mammals, and we have already described the human as an 
example of the mammalian heart. The sinus venosus is not 
present as a distinct chamber in the mammalian heart, but is 
represented by that portion #>f the right auricle at which the 
large veins enter. 
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CHAPTER XXXV. 

PHYSIOLOGY OF THE HEART. 


r The Cardiac Cycle. 


The series, of changes that occur in the heart constitute the 
cardiac cycle. This must be distinguished from the course of the 
circulation. The term cycle indicates that if one observes the 
heart, at any particular moment, the heart from that moment 
onwards undergoes certain changes until it once more assumes 
the same condition that it had at the moment when the observa¬ 
tion commenced, when the cycle is again repeated, and so on. 
This series of changes consists of alternate contraction and 
relaxation. Contra ction is known. a» systole, and relaxation as 
diastole. 

The contraction of the two auricles takes place simultaneously, 
and constitutes the auricular- systole; this is followed by the 
simultaneous contraction of the two ventricles, v entric ular systole. 
and that by a period during-which the whole of the heart is in 
a state of diastole; then the cycle again commences with the 
auricular systole. 

Taking 7 2 as the average number of heart beats per minute, 
'each cycle will occu py -V of a minute or a little more than o - 8 of 
a second. This may be approximately distributed in the following 
way: 

Auricular systole about o-i + Auricular diastole 0-7 = o'8 
Ventricular systole about 0-3 4 - Ventricular diastole 0-5 = o - 8 
Total systole about 0-4 -f- Joint auricular and 

ventricular diastole 0-4 = o - 8 

If the speed of the heart is quickened, the time occupied by 
each cycle is diminished, but the diminution a ffects chiefly t he 
dia stole. These different parts of'the cycle must next be studied 
in detail. 


The Auricular Diastole .—During this time, the blood from the 
large veins is flowiijg into the auricles, the pressure in the veins 
though very low being greater than that in the empty auricles. 
This expands the auricles, and during the last nart of the 


auricular diastole the blood passes, on into the 

I "n il -m il . . I .... . 

s assiste 




rides. The 
ion of t 


lujags- The lungs being in a closed cavity, the thorax, and being 


distended with air, are in virtue of their elasticity always tending 
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to recoil and squeeze the air out of their interior; in so doing 
they drag upon any other organ with which their surface is in 
contact: this elastic traction will be greatest when the lungs are 
most distended, that is during inspiration, and will be more felt 
by the thin-walled auricles than by the thick-walled ventricles of 
the heart. 

The Auricular Systole- is sudden and very rapid; by contracting, 
the auricles empty themselves into the ventricles. It commences 
at the entrance of the great veins and is thence propagated 
towards the auriculo-ventricular opening. The reason why the 
blood does not pass backwards into the veins, but onward into 
the ventricles is again a question of pressure ; the pressure in the 
relaxed ventricles, which is so small as to exert a suction action 
on the auricular blood, is less than in the veins. Moreover, the 
auriculo-ventricular orifice is large and widely dilated, whereas 
the mouths of the veins are constricted by the contraction of 1 
their muscular coats. Though there is no regurgitation of the 
blood backwards into the veins, there is a stagnation of the flow 
of blood onwards to the auricles. The veins have no valves at 
their entrance into the auricles, except the coronary vein which 
does possess a valve; there are valves, however, at the j unction 
of the subclavian and internal jugular veins. 

Ventricular Diastole; during the last part of the auricular 
diastole, and the whole of the auricular systole, the ventricles have 
been relaxed and then filled with blood. The dilatation of the ven¬ 
t ricles is chiefly brought a bout in virtue of tlielr~daa ticity : "this 
is chiefly evident in the "left ventricle with its thick muscular 
coat. It is equal to 23 mm. of mercury, and is quite independent 
of the elastic traction of the lungs, which, hdweverpi n the case of 
the thinner-walled rrghf ven tricle comes into play-. 

TKe V?fltricu/ar Systole ; this is the contraction of the ventricles, 
and it occupies more time than the auricular systole ; when it 
occurs the a uriculo-ventricul ar valves are closed to prevent 
regurgitation into the aurjeles, and when the force of the systole 
is greatest, and the pressure within the ventricles exceeds that in 
the large, arteries which originate from them, t he semiluna r 
valves are opened , and the ventricles empty themselves, the left 
into the aorta, the right into the pulmonary artery. Each 
ventricle ejects about 4 ozs. of blood with each contraction ; the 
left in virtue of its thicker walls acting about thrice as forcibly as 
the right. The greater foreg of the left ventricle is necessary as’ 
it has to overcome the resistance of the small vessels all over thd 
body; whereas the right ventricle has only to overcome peri¬ 
pheral resistance in the pulmonary district. 
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The shape of both ventricles during systole is generally described as 
undergoing an alteration, the diameter in the -Dlane_o f the, hasp, being 
d imin ished, and the length of the ve ntricles 'slight ly less qp ed. The wh ole 
heart, moreove r, moves towarcts't Ec'right an d forwar ds, tw isting on its lo ng 
axis arid expflSIflg taore of tEeTeft ventricle anfcriorlv than when i t is at 
test. These movements, which were first describee! by Harvey togetherwlth 
the hardening that occurs when the ventricles contract, have been since 
Harvey's time believed' to be the cause of the cardiac impulse or apex beat 
which is to be felt in the fifth intercostal space about three inches from the 
middle line. It has, however, been recently shown by Haycraft that t hese 
changes only occur when the chest walls arc,.open. When the heart- con¬ 
tracts in a closed thorax it undergoes na change in shape, as the CQHilffltSSo , 11 
is concentric, that is equal in all directions. The diminution of the heart's 
volume which occurs in systole cannot be the cause of the apex beatit 
would rather tend to draw the chest wall* inwards than push it outwards. 

t htt-aptix heat is produ ced by the i ncreased pressure in the 
AQrfa ^UL-tiansmittcd.. basfovgrdsia-. th e 'ItearV a m l .causing it to press 
more closely than it does in diastole against the chest walls. 


Action of the Valves of the Heart. 

(i) The Auricula- Ventricular .—The distension of the ventricles 
with blood continues throughout the whole period of their diastole. 
The auriculo-ventricular valves are gradually brought into place 
by some of the blood getting behind the cusps and floating them 
up; and by the time that the diastole is complete, the valves are 
in apposition, and they are firmly closed by the reflex current 
caused by the systole of the ventricles. The diminution in the 
size of the heart during ventricular systole is well marked in the 
neighbourhood of the auriculo-ventricular rings, and this aids in 
rendering the auriculo-ventricular valves competent to close the 
openings, by greatly diminishing their diameter. The margins of 
the cusps of the valves are still more secured in apposition with 
another, by the simultaneous contraction of the musculi papillares, 
whose chordae tendinese have a special mode of attachment for 
this object. The cusps of the auriculo-ventricular valves meet not 
by their edges only, but by the opposed surfaces of their thin outer 
borders. 

The musculi. papillares prevent the auriculo-ventricular-va]|ms 
from being eve rt ed into the., auricle. For the chordae tendineae 
might altdw the valves to be pressed back into the auricle, were 
it not that when the wall of the ventricle is brought by its con¬ 
traction nearer the auriculo-ventricular orifice, the musculi 
papillares more than compensate for this by their own contraction 
—holding the chords tight, and, by pulling down the valves, 
Adding slightly to the force with which the blood is expelled.* . 

These statements apply equally to the auriculo-ventricular 
valves on both sides of the heart; the closure of both is generally 
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complete every time the ventricles contract. But in some circum¬ 
stances the tricuspid valve does not completely close, and a certain 
quantity of blood is forced back into the auricle. This has been 
called the s afety-valve actio n. , The circumstances in which it 
usually happens are those in which the vessels of the lung are 
already completely full when the right ventricle contracts, as, e.g., 
in certain pulmonary diseases, and in very active muscular exertions. 
In these cases, the tricuspid valve does not completely close, and 


the regurgitation of the blood may be indicated by a pulsation in 

-— ^ |° - .___• T"' ---V . .. . —- 

the jugular veins synchronous with that in the carptiuarteries. 

2. The Semilunar Valves.-?— It has been found that the com¬ 


mencement of the ventricular systole precedes the opening of the 
semilunar valves by a fraction of a second. This sho ws tha t the 
intraventricular pressure docs not exceed the arterial pressure 
until the systole has actually begun, for the opening of the valves 
takes place at once when there is a distinct difference in favour of 
the intraventricular over the arterial pressure, and they continue 
open only as long as this difference continues. When the arterial 
begins to exceed the intraventricular pressure, there is, as it were, 


a reflux of blood towards the heart, and the valves close. The 


dilatation of the arteries is, in a peculiar manner, adapted 
to bring this about. *, The lower borders of the semilunar 


valves are attached to the 


inner surface of the ten¬ 
dinous ring, which is 
inlaid at the orifice of 
the artery, between the 
muscular fibres of the ven¬ 
tricle and the elastic fibres 
of the walls of the artery. 
The .-tissue-«f- - this- ring is 




tough, and does not admit 
Trf extension under such 


pressure as it is commonly 
exposed to; the valves are 
equally inextensile, Being 
fiSrmecT of “ fThroiis tissue. 


Hence, when the ventricle 


Kg. 375.-rSeetions of aorta, to show the action of 
tlie semilunar valves, a is intended to show 
the valves, represented by the dotted lines, 
lying near the arterial walls, represented by 
the continuous outer line-, b (after Hunter) 
shows the arterial wall distended into three 
pouches («), and drawn away from the valves, 
which are straightened into the form of an 
equilateral triangle, as represented by the 
dotted lines. 


propels blood through the orifice and into the canal of the artery, 
the lateral pressure which it exercises is sufficient to dilate the 
walls of the artery, but not enough to stretch in an equal degree, 
if at all, the unyielding valves and the ring to which their lower 
borders are attached. # The effect, therefore, of each such propul¬ 
sion of blood' from the ventricle is, that the wall of the first por- 
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tion of the artery is dilated into three pouches behind the valves, 
while the free margins of the valves are drawn inward towards 
its centre (fig. 375, b). Their positions may be explained by the 
diagrams, in which the continuous lines represent a transverse 
section of the arterial walls, the dotted ones the edges of the 
valves, first, when the valves are nearest to the walls (a), as in 
the dead heart, and, secondly, when, the walls being dilated, the 
valves are drawn away from them (b). 

This position of the valves and arterial walls is retained so long 
as the ventricle continues in contraction : but as soon as it 
relaxes, and the dilated arterial walls can recoil by their elasticity, 
the blood is forced backwards towards the ventricles and onwards 
in the course of the circulation. Part of the blood thus forced 
back lies in the pouches (sinuses of Valsalva) (a, fig. 375, b) 
between the valves and the arterial walls; and the valves are by 
it pressed together till their thin lunated margins meet in three 
lines radiating from the centre to the circumference of the artery 
(7 and 8, fig. 350). 


The Sounds of the Heart. 

When the ear is placed over the region of the heart, two sounds 
may be heard at ever} - beat of the heart, which follow in quick 
succession, and are succeeded by a pause or period of silence. 
Thejirst or systolic sound is dull and prolonged ; its commence¬ 
ment coincides with the impulse of the heart against the chest 
wall, and just precedes the pulse at the wrist. The second or 
diastolic sound is shorter and sharper, with a somewhat flapping 
character, and follows close after the arterial, pulse. The periods 
of time occupied respectively by the two sounds taken together 
and by the pause, are nearly equal. Thus, according to Walshe, 
if the cardiac cycle be divided into tenths, the first sound occu¬ 
pies 1^5-; the second sound ^ ; the first pause (almost imper¬ 
ceptible) -jV ; and the second pause ^ The sounds may be 
expressed by the words liibh — dtip. 

l^The events w r hich correspond, in point of time, with the Jirtt 
sound, are (1) the contraction of the ventricles, (2) the first part 
of the dilatation of the auricles, (3) the tension of the auriculo- 
ventricular valves, (4) the opening ‘of the semilunar valves, and 
(5) the propulsion of blood into the arteries. The sound is suc¬ 
ceeded, in about one-thirtieth of a second, by the pulsation of the 
.facial arteries, and in about one-sixth of a second, by the pulsa¬ 
tion of the arteries at the wrist. The second sound, in point of 
time, immediately follows the cessation. of the ventricular con- 
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traction, and corresponds with (a) the tension of the semilunar 
valves, (b) the continued dilatation of the auricles, (c) the com¬ 
mencing dilation of the ventricles, and (</) the opening of the 
auriculo-ventricular valves. The pause immediately follows the 
second sound, and corresponds in its first part with the completed 
distension of the auricles, and in its second with their contraction, 
and the completed distension of the ventricles; the auriculo- 



Flg. 176.—Scheme of cardiac orcle. The inner circle shows the events which occur within 
the heart; the outer the relation of the sounds and pauses to these events. (Sharpey 
and Gairdner.) 

ventricular valves being all the time of the pause open, and 

, ... ........-V..... .-.. atm** 

the arterial valves closed. 

Causes. —The exact cause of the first sound of the heart is a 
matter of discussion. Two factors probably enter into it, viz., 
first, the vibra tion of the auriculo-ventricular va l ves and the chor d a - 
t endi nem. This vibration is produced by the increased intraven¬ 
tricular pressure set up when the ventricular systole commences, 
which puts the valves on the stretch. The question whether this 
stretched condition of the valve continues throughout the whole 
of the ventricular systole cannot be definitely settled, but if it 
does not, the valvular element may possibly take part in the 
production of the first part of the first sound only. It is not 
unlikely too that the vibration of the ventricular walls them¬ 
selves, and of the aorta and pulmonary artery, all of which parts 
are suddenly put into a state of tension at the moment of ven¬ 
tricular contraction, may have some part in producing the first 
sound. Secondly, the+muscular sound produced bv contraction of 
the mass of muscular fibres which form the v entricl e Looking 
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Upon the contraction of the heart as a single contraction and not 
as a series of contractions or tetanus, it is at first sight difficult 
to see why there should he any muscular sound at all when the 
heart contracts, as a single muscular contraction does not produce 
sound. It has been suggested, however, that it arises from th e 
re peated unequal tension produced when the wave of mu scular 
con tractions passes along the very intricately arrange r] fbvA^ of 
the ventricu!ar 3 S 5 sr There can he no doubt, however, that the 
valv\TTai~ eTement is the more important of the two factors. 

The cause of the second sound i s more simple than that of the 
first. It is entirely due to the . vibration c ons equent on the 
sud den closure of .the_ se milunar valv es -when they are pressed 
down across the orifices of the aorta and pulmonary artery. The 
influence of these valves in producing the sound was first demon¬ 
strated by JJgBfcwho experimented with the hearts of calves. In 
these experiments two delicate curved needles were inserted, one 
into the aorta, and another into the pulmonary artery, below the 
line of attachment of the semilunar valves, and, after being 
carried upwards about half an inch, were brought out again 
through the coats of the respective vessels, so that in each vessel 
one valve was included between the arterial walls and the wire. 
Upon applying the stethoscope to the vessels, after such an 
operation, the second sound ceased to be audible. Disease of 
these valves, when sufficient to interfere with their efficient action, 
also demonstrates the same fact by modifying the second sound 
or destroying its distinctness. « 

The contraction of the auricles which takes place in the end of 
the pause is inaudible outside the chest. 

The first sound is heard most distinctly at the apex beat in 
the fi fth interspace ; the second sound is best htSM IttJilhJB e 
se cond, r ight c<^taT^m^ilfliLe—that is,, the place where the aorta 
lies nearest to the surface. , The pulmonary and aortic valves 
generally close simultaneously. In some cases, however, the 
aortic may close slightly before the pulmonary v al'yiy. giving rise 
ta_a_Iredux)licated second, .sound.’ The pulmonary contribution 
to this sound is best heard over the second left cartilage. 

The Coronary Arteries. 

The coronary arteries are the first branches of the aorta; they 
originate from the sinuses of Valsalva, and are destined for the 
supply of the heart itself; the entrance of the corresponding 
vein, the coronary vein, into the right auricle,' we have already 
seen. 
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Ligature of the coronary arteries causes almost immediate 
death; the heart, deprived of its normal blood supply, beats 
irregularly, twitches, and then ceases to contract altogether. 

In fatty degeneration of the heart in man, sudden death is by 
no means infrequent. This is in many cases due to a growth in 
thickness of the Avails of the coronary arteries called athero ma, 
which progresses until the lumen of these arteries is obliterated, 
and the man dies almost as if they had been ligatured. 

Sclf-gteering' Action of the Heart .—This expression, which is now only of 
historical interest, was originated by Brttcke. He supposed that the semi¬ 
lunar valves closed the orifices of the coronary arteries during the systole of 
the heart. Unlike all the other arteries of the body, the coronary arteries 
would therefore fill only during diastole, and this increased fulness of the 
vessels in the heart walls during diastole would assist the ventricle to dilate. 
This, however, is incorrect ; the valves do not cover the mouths of the 
arteries ; and when the coronary arteries are cut they spurt, like all other 
arteries, most forcibly during the systole of the ventricle. 


Cardiographs, 

A cardiograph is an instrument for obtaining a graphic record . 
of the heart’s movements. In animals the heart may be exposed, 
and levers placed in connection with, its various parts may he 
employed to write on a revolving blackened surface. 

A simple instrument applicable to the frog’s heart is the fol¬ 
lowing :— 



The sternum of the frog having been removed, the pericardium 
opened, and the fraenum (a small band from the back of the 
heart to the pericardium) divided, the heart is pulled through 
the opening, a minute hook placed in its apex, and this is fixed 
by a silk thread to a lever pivoted at f as in the figure. The 
cardiac wave of contraction starts at the sinus, this is^followecT 
by ley tlie ventricular systole and 
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pause. This is recorded as in the next figure by movements of 
tKerwriting point at the end of the long arm of the lever. Such 
apparatus is, however, not applicable to the human heart, and all 
the various forms of cardiograph devised are modifications of 



Fig. .578.—Cardiogram of frog’s heart, c, showing auricular, 
followed by ventricular beat; t, time in half seconds. 


Marey’s tambours. One of those most frequently used is depicted 
in the next two diagrams. 


It (fig. 379 ) consists of a cap-shaped metal box over the open front of 
which is stretched an elastic india-rubber membrane, upon which is fixed a 
small knob of hard wood or ivory. This knob, however, may be attached, 


Tube to communicate 
with tambour. 



Tympanum. Ivory Tape to attach the instrument 
knob. to the chest. 


3/9-— Cardiograph. * (Sanderson’s.} 

as in the figure, to the side of the box by means of a spring, and may be 
made to act upon a metal disc attached to the elastic membrane. 
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The knob is for application to the chest-wall over the apex beat. 
The box or tympanum, communicates by means of an air-tight tube with the 
interior of a second tympanum, in connection with which is a long and 
light lever. The shock of the heart’s impulse being communicated to the 
ivory knob and through it to the first tympanum, the effect is at once 
transmitted by the column of air in the elastic tube to the interior of 
the second tympanum, also closed, and through the elastic and movable lid. 


Screw to regulate elevation of lever. 



Fig. 380.—Marey’s Tambour, to which the movement of the column of air in the first 
tympanum is conducted by a tube, and from which it is communicated by the lever 
to a revolving cylinder, so that the tracing of the movement of the impulse beat is 
obtained. 

of the latter to the lever, which is placed in connection with a registering 
apparatus, which consists of a cylinder covered with smoked paper, revolving 
with a definite velocity. The point of the lever writes upon the paper, and 
a tracing of the heart’s impulse or cardiogram is thus obtained. 

Fig. represents a typical tracing obtained in this way. 
The first small rise of the lever is caused by the auricular, the 
second larger rise by the ventricular systole ; the downstroke 
represents the pause, the tremors at the commencement of which 
are partly instrumental and partly caused by the closure of the 
semilunar valves. , 



Fig. 381.—Cardiogram from human heart. The variations in (he individual beats are due 
to the influence of the respiratory movements on the heart. To be read from left to 
right. 

* 

Another method of obtaining a tracing from one’s own heart 
consists in dispensing with the first tambour, and placing the 
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tube of the recording tambour in one’s mouth, and holding the 
breath though keeping the glottis open. The chest then acts 
as the first tambour, and the movements of the lever (cardio- 
pneumatogram) may be written in the usual way. 


Endocardiac Pressure. 

The tracings of the cardiograph are, however, very variable, 
and their interpretation is a matter of discussion. A much better 
method of obtaining a graphic record of the events of the cardiac 
cycle consists in connecting the iut<Srior of an animal’s heart with 
recording apparatus. 

There are several methods by which the endocardiac pressure 
may be recorded. 

By placing three small india-rubber air-bags or cardiac sounds 
down the jugular vein into the interior respectively of the right 
auricle and the right ventricle, and in an intercostal space in 
front of the heart of a living animal (horse), and placing these 



Fig. 382.—Apparatus of MM. Chauveau and Marey for estimating' the variations of endo¬ 
cardial pressure, and production of impulse of the heart. 


bags, by means of long narrow tubes, in communication with 
three tambours with levers, arranged one over the others in con¬ 
nection with a registering apparatus (fig. 382), Chauveau and 
Marey were able to record and measure' the variations of the 
endocardial pressure and the comparative duration of the contrac¬ 
tions of the auricles and ventricles. By means of the same appa¬ 
ratus, the synchronism of the impulse with the contraction of the 
ventricle is also shown. 

In the tracing (fig. 383), the intervals between the vertical 
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lines represent periods of a tenth of a second. The parts on 
which any given vertical line falls represent simultaneous events. 
It will be seen that the Ann tract ion of t.fre anr inle. indicated by 
the marked curve at A in first tracing, causes a slight increase o f 
pressure in. the ventric le, which is shown at a' in the second 
tracing, and produces also a slight impulse, which is indicated by 
a" in the third tracing. .The closure .-of-the semilunar valves 
causes a. mnmnpf,ftp)y in^rea.snrl pr essure in the ventricle at I)', 
affects the pressure in the auricle d, and is also shown in the 
tracing of the impulse also, D 

The large curve of the ventricular and the impulse tracings, 


'\ >" 


Fig. .18.-*.—Tracings of (i), Intra-auricular, and (2), Iatra-ventriculur p escures, and (j), 
of the impulse of the heart, to be read from lett to right, obtained by Chauveau and 
Marey’s apparatus. 

between a' and d', and a" and d", are caused by the ventricular 
contraction, while the smaller undulations, between b and c, b' 
and c', b" and c", are caused by the vibrations consequent on the 
tightening and closure of the auriculo-ventricular valves. 

Much objection has, however, been taken to this method of 
investigation. First, because it does not admit of both positive 
and negative pressure being recorded. Secondly, because the 
method is only applicable to large animals, such as the horse. 
Thirdly, because the intraventricular changes of pressure are 
communicated to the recording tambour by a long elastic column 
of air; and fourthly, because the tambour arrangement has a 
tendency to record inertia vibrations. Rolleston has re-investi¬ 
gated the subject with a more suitable apparatus. His method 
is as follows : a window is made in the chest of an anaesthetized 
and curarized animal, and an appropriately curved glass cannula 
introduced through an opening in the auricular appendix. The 
k.p. Km 
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cannula is then passed through the auriculo-ventricular orifice 
without causing any appreciable regurgitation, into the ventricle, 
or it may be introduced into the cavity of the right or left ven¬ 
tricle by an opening made in the apex of the heart. In some 
experiments the trochar is pushed through the chest-wall into the 
ventricular cavity. The apparatus is filled with a solution of 
leech extract in ‘75 per cent, saline solution, or with a solution 
of sodium bicarbonate of specific gravity 1083. The animals 
employed were chiefly dogs. The movement of the column of 
blood is communicated to the writing lever by means of a vulca¬ 
nite piston which moves with little friction in a brass tube 



Fig. .584.—Apparatus for recording the eudocardialfpreecure. (Kolleaton.) 


connected with the glass cannula by means of a short connecting 
tube. 

When the lower part of the tube (a) is placed in communica¬ 
tion with one of the cavities of the heart, the movements of the 
piston are recorded by means of the lever (c). Attached to the 
lever is a section of a pulley (h), the axis of which coincides with 
that of the steel ribbon (e) ; while, firmly fixed to the piston, is 
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the curved steel piston rod (i), from the top of which a strong 
silk thread (j) passes downwards into the groove on the pulley. 

This thread (.1), after being twisted several times round a small 
pin at the side of the lever, enters the groove in the pulley from 
above downwards, and then passes to be fixed to the lower part 
of the curve on the piston-rod as shown in the smaller figure. 

The rise and fall of the lever (c) is controlled by the resistance 
to torsion of the steel ribbon (e), to the nitd^e of which one end 
of the lever is securely fixed by a light screw clamp (f). At 
some distance from tin's clamp—the distance varying with the 
degree of resistance which it ( is desired to give to the movements 
of the lever—are two holders (o o) which securely clamp the 
steel ribbon. 

As the torsion of a steel wire or strip follows Hooke’s law, the 
torsion being proportional to the twisting force—the movements 


a 



Fig. 385.-- Endocardial pressure^urve from the left ventricle. The thorax was opened 
and a cannula introduced through the apex of the ventricle ; abscissa is line of atmo¬ 
spheric pressure. <1 to » represents ventricular contraction; from i> to the next rise at 
o represents the ventricular diastole. 


of the lever point are proportional to the force employed to twist 
the steel strip or ribbon—in other words, to the pressures which 
act on the piston (b). 

To make it possible to record satisfactorily the very varying 
ventricular and auricular pressures, the resistance to torsion of a 
steel ribbon adapts itself very conveniently. 

This resistance can be varied in two ways, first by using one or 
more pieces of steel ribbon or by using strips of different thick¬ 
nesses ; or secondly, by varying the distance between the holders 
( Q gi) and the central part of the steel ribbon to which the lever 
is attached. 

Kolleston’s conclusions are its follows :— 

1. That there is no distinct and separate auricular contraction 
marked in the curves obtained from either right or left.ventricles, 

E JC 2 
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the avuncular and ventricular rises of pressure being merged into 
one continuous rise. 

2. That the aurieulo-ventrieular valves are closed before any 
great rise of pressure within the ventricle above that which 
results from the auricular systole (a, fig. 386). The closure of 


B 



Fig. ,386. —Curve from left ventricle ; ab»eisna shows atmospheric pressure 


the valve occurs probably in the lower third of the rise a b (fig. 
386), and does not produce any notch or wave. 

3. That the semilunar valves open at the point in the ventri¬ 
cular systole, situated (at g) about or a little above the junction 
of the middle or upper third of the ascending line (a id, and the 
closure about or a little before the shoulder (n). 

4. That the minimum pressure in the ventricle may fall below 
that of the atmosphere, but that the amount varies considerably. 

Another method of overcoming the imperfections of Marey’s 
tambour is by the use of Hurthle’s manometer. In this the tam¬ 
bour is very small, the membrane is made of thick rubber, and 
the whole, including the tube that connects it to the heart, is 
filled with a strong saline solution (saturated solution of sodium 
sulphate). 



Fig. 387.—Hurthle’s manometer. 


The tracing obtained by this instrument, when connected with 
the interior of the ventricle, is represented in the next figure. 

The auricular systole causes a small rise of pressure a b ; it 
lasts about *05 second. It is imfiiediately followed by the ven¬ 
tricular contraction, which lasts from b to a From b to c the 
ventriole is getting up pressure, so that at c it equals the aortic 
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pressure. This takes -02 to -04 second. Beyond c the aortic 
valves open, and blood is driven into the aorta; the outflow lasts 
from o to d (-2 second). At » the ventricle relaxes. The flat 
part of the curve is spoken of as the systolic ‘ platea u, and accord¬ 
ing to the state of the heart and the peripheral resistance may 
present a gradual ascent or descent; it occupies about • 18 second. 
Almost immediately after the relaxation begins, the intraven¬ 
tricular pressure falls below the aortic, so that the aortic valves 
close near the upper part of the descent at e. 

The amount of pressure in the heart is measured by a mano- 



Fig. 388.— Curve of intra-ventricular pressure. (After Hurthle.) 


meter, which is connected to the heart by a tube containing a 
valve. This was iirst used by Goltz and Gaule. If the valve 
permits fluid to go only from the heart, the manometer will 
indicate the maximum pressure ever attained during the cycle. 
If it is turned the other way, it will indicate the minimum 
pressure. The following are some of the measurements taken 
from the dog’s heart in terms of millimetres of mercury :— 


Left ventricle . 
Right ventricle 
Right auricle 


Maximum 

pressure. 

140 mm. 
< 3 o mm. 
20 mm. 


Minimum 

pressure. 

30 to 40 mm. 
15 mm. 

7 to 8 mm., 


By a negative ( — ) pressure one means that the mercury is 
sucked up in the limb of the manometer towards the heart. 


Frequency and Force of the Heart’s Action. 

• 1 The heart of a healthy adult man contracts .about 7 2 times in 
a minute; but many circumstances cause this rate, which of 
course corresponds with that of the arterial pulse, to vary even* 
in health. The chief are age, te m perament, sex, food and drin k, 
exercis e, tim e of day, posture*atmosph eri c pre ssure, temperature. 
Some figures in reference to the influence of age are appended 
The frequency of the heart’s action gradually diminishes from 



4Z2 PHYSIOLOUV OF THJS H.JSA.UT [_CH. XXXV. 

the commencement to near the end of life, but is said to rise 
again somewhat in extreme old age, thus :— 


Before birth the average number of 
pulsations per minute is 150 
Just after birth . from 140 to 130 
During the first year 130 to 115 
During the second 
year . . . 115 to 100 

During the third year 100 to 90 


About the seventh 
year 

About the fourteenth 
yeav 

In adult age 
In old age . 

In decrepitude . 


from 


goto 85 

85 to 80 
80 to 70 
70 to 60 
75 to 65 


In health there is observed a nearly uniform relation t>etween 
the frequency of the beats of the heart and of the respirations ; 
the proportion being, on an averag e t respiration to 3 or 4 beat s. 
The same relation is generally maintained in the cases in which 
the action of the heart is naturally accelerated, as after food or 
exercise ; but in disease this relation may cease. 

In estimating the work done by any machine it is usual to 
express it in terms of the unit of work. In England, the unit of 
work is the foot-pound, and is defined to be the energy expended 
in raising a unit of weight (1 lb.) through a unit of height (1 ft.) : 
in France, the gram-metre. The work done by the "heart at 
each contraction can be readily found by multiplying the weight 
of blood expelled by the ventricles by the height to which the 
blood rises in a tyube tied into an artery. This height is probably 
about 2 metres (7 ft.) in man. Taking the weight of blood 
expelled from the left ventricle at each systole as 125 grammes 
(4 oz.) and the average pressure in the aorta as 150 mm. mercury 
(2 metres blood), the work done at each contraction will be 
a§^grani-metres. To this must be added Bo gram-metres for 
the work done by the right ventricle. If the heart beats 72 times 
a minute, it will do 30,000 kilogramme-metres of work in the 
24 hours, or about a quarter of the work performed by a labourer 
working under supervision for eight hours. (Waller.) 


Innervation of the Heart, 


The nerves of the heart, which under normal circumstances 
control its movements, are the following :— 

\z i. Cardiac branches of the vagus. 

;>2. The cardiae branches of the sympathetic. 

3. The intrinsic nerves of the heart. These were formerly 
regarded as * more or less independent of the other two sets of 
fibres 3 we now know, however, that they are merely the tenni- 



oh; XXXV.] THE CARDIAC VAGUS. 4*3 

nations of the other nerves in the heart-wall. For convenience 
of description, however, we will keep the old name. 

The Vagus. —This arises from the grey matter in the floor 
of the fourth ventricle, at the point of the calamus scriptorius. 
It leaves the bulb by some io—15 bundles behind the ninth 
nerve, and leaves the skull by the jugular foramen, having upon 
it a ganglion called the It gives off branches 

to the Vessels of the meninges ana to tfie ear, and then Jgceiyes^ 
certain connecting branch es : (a) from the glosso-pharyngoal, the 
physiological meaning of which is not known; and (b) it receives 
the whole inner division of,the spinal accessory nerve. This 
nerve arises from a centre in the bulb close to and below the 
vagal nucleus; the outer half of the same nerve arises from 
spinal roots, and supplies the sterno-mastoid and trapezius. It 
is the fibres of the spinal accessory that join the vagus that give 
to the vagus its cardio-inhibitory function ; and the spinal acces¬ 
sory nucleus, not that of the vagus proper, is the cardio-inhibitory/ 
centre. 

The vagus then gives off branches ’to the pharynx, larynx, 



Mu. 180.—Tracing showing the actions of the vagus on the heart. Aur., auricular; I ent., 
ventricular tracing. The part between perpendicular lines indicates period ot vagus 
stimulation. < 7.8 indicates that the secondary coil was 8 c.m. from the primary. The 
part of tracing to the left shows the regular contractions of moderate height before 
stimulation. During stimulation, and for some time after, the beats of auricle and 
ventricle are arrested. After they commence again they are single at that. but. soon 
acquire a much greater amplitude than before the application of the stimulus. (From 
Bran ton, after Haskell.) 


heart, lungs, oesophagus, and stomach, the remainder joining the 
cooliac plexus, and contributing to the nerve supply of various 
abdominal organs. We have, however, in this place only to deal 
with the cardiac fibres. 

It has been known since the experiments of the Bros. Weber 
in 1845, that stimulation of *one or bot h JssagL produc es slowing 
of the beat s of th eTieart TtTiasTince been shown in all of the 
vertehrate’^imafs^ experimented with, that this is the normal 
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action of vagus stimulation. Moreover, s ecti on of one nerve, or 
at any rate_of_. both vagi, produces acceleration of the puls e, and 
stimulation of the distal or peripheral end of the divided nerve 
produces normally slowing or sto pp ing of the hea rt’s be ats. 

It appears that any kind of stimulus produces~the same effect, 
either chemical, mechanical, electrical, or thermal, but that of 
these the most potent is a rapidly interrupted induction current. 
A certain amount of confusion has arisen as to the' efffectrof~vagus 
stimulation in consequence of the fact that within the trunk of 
the nerve is contained, in some animals, fibres of the sympathetic, 
and it depends to some extent upon the exact position of the 
application of the stimulus, as to the exact effect produced. 
Speaking generally, however, excitation of any part of the trunk 
of the vagus produces inhibition, the stimulus being particularly 
potent if applied to the termination of the vagi in the heart 
itself, where they enter the substance of the organ at the situation 
of the sinus ganglia. The stimulus may be applied to either vagus 
with effect, although it is frequently more potent if applied to 



Fig. 390.—Tracing showing diminished amplitude and slowing of the pulsations of the 
auricle and ventricle without complete stoppage during irritation of the vagus. (From 
Brunton, after Gaslcell.) 

the nerve on the right side. The effect of the stimulus is not imme¬ 
diately seen; one or more beats may occur before stoppage of the 
heart takes place, and slight stimulation may produce only slowing 
and not complete stoppage of the heart. The stoppage may be due 
either to prolongation of the diastole, as is usually the case, or to 
diminution of the systole. Vagus stimulation inhibits the spon¬ 
taneous beats of the heart only, it does not do away with the 
irritability of the heart-muscle, since mechanical stimulation may 
bring out a beat during the still-stand caused by vagus stimula¬ 
tion. The inhibition of the heats varies in duration, but’ if the^ 
stimulation be a prolonged one, the beats may reappear before 
the current is shut off. When the beats reappear, the first few 
are usually feeble, and may be aitricular only ; after a time the 
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contractions become stronger, and very soon exceed both in ampli¬ 
tude and frequency those which occurred before the application 
of the stimulus (figs. 389, 390). 

One b ranch of the vagusja, cajlsd—tbe depre ssor ; it is only a 
separate nerve in a few animals. Unlike the inhibitory branches, 
it is afferent, not efferent; it car ries i mpu lses to the vaso-motor 
centre in_ the bulb from the heart We shall study its use in 
connection witlITJ 6 od~p)re 5 iurer 

The Sympathetic. —The influence of the sympathetic is the 
reverse of that of the vagus. Stimulation of the sympathetic, 
even of one side, produces, acceleration , of the heart-beats, and 
according to certain observers, section of the same nerve produces 
flowing. The acceleration produced by stimulation of the sym¬ 
pathetic fibres is accompanied by increased force, and so the 
action of the nerve is more properly termed augmentor. The 
action of the sympathetic differs from that of the vagus in 
several particulars besides the augmentation which is produced : 
first, the stimulus required to produce any effect must be morej 
powerful than is the case with the Vagus stimulation ; secondlyi 
a longer time elapses before the effect is manifest; and thirdly,] 
the augmentation is followed by exhaustion, the beats being after 
a time feeble and less frequent. 

The fibres of the sympathetic system, which influence the 
heart-beat in the frog, leave the spinal cord by the anterior root 
of the third spinal nerve, and pass thence by the ramus commu- 
nicans to the third spinal ganglion, thence to the second spinal 
ganglion, and thence by the annulus of Yieussens (round the 
subclavian artery) to the first spinal ganglion, and thence in the 
main trunk of the sympathetic, to near the exit of the vagus 
from the cranium, where it joins that nerve and runs down to 
the heart within its sheath, forming the joint vago-sympathetic 
trunk. These fibres are indicated by the dark line in the figure on 
the next page. The fibres of the sympathetic seen running up 
into the skull are for the supply of blood-vessels there. It 
sh ould be rioted t hatJflie f r o g has no sp inal accessory nerve, so 
that in this anim al the cardio-inhibitoryTHbres are true vagus 
fibreg^' ‘ 7 ' —' . 

From the fact that the augmentor fibres are joined to the 
vagus trunk, it may be understood that the effect of the stimula¬ 
tion of the vagus in the frog is not in all cases purely inhibitory, 
but may be augmentor, according to the position where the 
stimulus is applied, the intensity of the stimulus, and the con¬ 
dition of the heart; if it is beating strongly a slight vagus 
stimulation will produce immediate inhibition. 
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In the dog, the augmentor fibres leave the cord by the tjggond 
wnH t-hiH d n rH n 1 and possibly by anterior roots of two dr 

more lower nerves, passing by the rami communicantes to the 
ganglion stellatum, or first thoracic ganglion, thence by the 
annulus of Vieussens to the inferior cervical ganglion of the 
sympathetic; fibres from the annulus, or from the inferior 
cervical ganglion proceed to the heart. 

In man, the cardiac branches of the sympathetic probably 
originate in the same way ; they pass to the heart from the 


CO 



annulus of Vieussens, and cervical sympathetic in superior, 
middle and lower bundles of fibres. These pass to the cardiac 
plexus and reach the heart surrounding the coronary vessels. 
They probably contain vaso-iuotor fibres for these vessels, as well 
as the more important fibres for th t e heart itself. 

; The proof of the statement previously made that in mammals 
the fibres in the vagus, by means of which inhibitory influences 
are conveyed to the heart, are derived from the spinal accessory 
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nerve is the following :—When that nerve is divided certain 
fibres of'the vagus trunk degenerate, and afterwards stimulation 
of the vagus trunk no longer produces inhibition. The spinal 
accessory fibres are fine medullated fibres, 2 p to 3 p in diameter, 
and may be traced to the heart, and lose their medulla in the 
ganglia of that organ. Some, however, arc non-medullated when 
they enter. They pass out of Rcmak’s ganglion more generally 
as medullated nerves, forming the nerve-fibres of the septum, but 
after these septal fibres issue from Bidder’s ganglia, they enter 
the ventricle as non-medullated nerves, in the frog at any rate, 
but in mammals a few fibres, are medullated. The j>osition of 
these ganglia we shall study immediately. The sympathetic 
fibres, on the other hand, reach the heart as non-medullated 
fibres, having lost their medulla in the sympathetic ganglia. 

The course of the augmoutor fibres in the spinal cord is not 
known, but it is thought that in all probability they are connected 
with an augmentor centre in the medulla. The circulation of 

vcnuuaJb lood appea rs to s ti mulat e^ jthg... 

highly ox yg enated the augmentor centre. 

Influence of Drugs .—The question of the action of drugs on 
the heart forms a large branch of pharmacology. We shall be 
content here with mentioning two only, as they are largely used 
for experimental purposes by physiologists. Atropine produces 
considerable augmentation of the heart-beats by paralysing the 
inhibitory mechanism. Muscarine, (obtained from poisonous fungi) 
produces marked slowing, and in larger doses stoppage of the 
heart. It produces a similar effect to that of prolonged vagus 
stimulation, and, as in that case, the effect can be removed by 
the actiou of atropine. The action of atropine canuot, however, 
be antagonised by muscarine. That these drugs act on the 
nerves, and not the muscular substance of the heart, is shown by 
the fact that in the hearts of early embryos, so early that no 
nerves have yet grown to the heart, these drugs have little or 
no effect. (Pickering.) 

Reflex Inhibition .—Thus there is no' doubt that the vagi 
nerves are simply the media of an inhibitory or restraining 
influence over the action of the heart which is conveyed through 
them from the centre in the medulla oblongata which is always 
in operation. The j-e^raining influence nf the centre in the 
medulla way -be reflexly increased Jgr stim^jiataoa,uQi .atmaST any 
afferent nerve, particularly of ,the ab 3 orq|na 1 «vinpa±betie BO as 
to'produce slowing or stoppage of the hear?, Through impulses 
passing down the vagi. As an example of this reflex stimu¬ 
lation, the well-known effect on the heart of a violent blow 
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on the epigastrium may be referred to. The stoppage of the 
heart’s action in this case is due to the conveyance of the stimulus 
by fibres of the sympathetic (afferent) to the medulla oblongata, 
and its subsequent reflection through the vagi (efferent) to the 
muscular substance of the heart. Chl oroform vapour and Johaccq 
smoke in some people and animals, by acting” ohEho terminations 
of the vagi or their branches in the respiratory system, may also 
produce reflex inhibition of the heart. Some very remarkable facts 
concerning the readiness by which reflex inhibition of the fish’s 
heart may be produced were made out by Prof. McWilliam; any 
slight irritation of the tail, gills, mucous membrane of mouth and 
pharynx, or of the parietal peritoneum, causing the heart to stop 
beating. In connection with the subject of reflex inhibition, it 
may be mentioned in conclusion that though we h ave ..no vniun- 
taiy control qyeK .tim.heaEt!sjm.oyemexjt8, yet cerebral excitement 
will produce an effect on the rate of the heart, as in certain 
emotional conditions. 

Intfacardiac Nerves. —The heart beats after its removal 
from the body; in the case of the fi*og and other cold-blooded 
animals, this will go on for hours, and under favourable circum¬ 
stances for days. In the case of the mammal, it is more a ques¬ 
tion of minutes. At one time this was supposed to be due to its 
intrinsic nervous system; the heart was regarded almost as a com¬ 
plete organism, possessing not only parts capable of movement, 
but also a nervous system to initiate and regulate those move¬ 
ments. 

We now, however, look upon the muscular tissue of the heart, 
rather than its nerves, as the ti ss ue which possesses the pow er..of 
r hythmical movem ent, because muscular tissue which has ’no 
nerves at all possesses this property. For instance, the ventricle 
apex of the frog’s or tortoise’s heart possesses no nerves, but if it 
is cut oft’ and fed with a suitable nutritive fluid at considerable 
pressure, it will beat rhythmically (Gaskell) The apparatus by 
which this may be accomplished we shall study at the end of this 
chapter. The middle third of the ureter is another insta nce of 
muscular tissue free f r om nerves, but which nevertheless executes 
peristaltic movements. Perhaps, however, the most striking 
instance is that of the foetal heart, which begins to beat directly 
it is formed, long before any nerves have grown into it. 

The power of rhythmical peristalsis therefore resides in the 
muscular tissue itself, though normally during life it is controlled 
and regulated by the nerves that supply it. 

The intracardiac nerves have been chiefly studied in the frog; 
the two vago-sympathetic nerves terminate in various groups of 
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ganglion cells ; of these the most important are Bemak’s ganglion. 
situated at the junction of the sinus with the ripitaurKjte;“and 
Bidder's, at the junction of the auricles and ventricle. From the 



Fig. 302." Course of the nerves in the auricular partition wall of the heart of a frog. 
il, dorsal branch ; v, ventral branch. (Kcker.) 

ganglion cells fibres spread out over the walls of sinus, auricles, 
and the upper part of the ventricle. Ttemak’s gang lion^ used to 
ho n ailed the lo cal inhibitory centre of the heart; it is roalTy"tKe 



termination of the inhibitory fibres, and stimulation of the heart 
at the sino-auricular junction is the most certain way of obtain¬ 
ing stoppago of the heart. Bidder’sjganglipn was called the local 
accelerator centre for a corresponcting reason. 

The two preceding figure^ show the vagal terminations in 
Kemak’s ganglion (fig. 392), some isolated nerve-cells from the 
frog’s heart (fig. 393) ; and fig. 394 is a rough diagram to*indi¬ 
cate the positions of the principal ganglia. 
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In connection with the rhythmic contraction of muscle, it is 
necessary to allude to what is known as Stannius* experimen t. 
This experiment consists in applying a tight ligature to the heart 
between the sinus and the right auricle, the effect of which is to 
stop the beat of the heart below r the ligature, whilst the sinus 
continues to beat. If a second ligature be applied at the junc¬ 
tion of the auricles and ventricle, the ventricle begins to beat, 
whilst the auricles continue quiescent. In both cases the quies¬ 
cent parts of the heart may be made to give single contractions 
in response to mechanical or electrical stimulation. A eonsider- 



Fiff. —Diagram of ganglia in frog’s heart. R, R"n.ak’s, It, Hidden-’s gamrli-m 

8, riuuH; A, aurirlp ; V. ventiinle. 

able amount of discussion has arisen as to the explanation of 
these phenomena. It was suggested that the action of the liga 
ture is to stimulate some inhibitory nervous mechanism in the 
sinus, whereby the auricles and ventricle can no longer continue 
to contract, but this suggestion must certainly be given up if 
the present theory as to the functions of the nerve gauglia be 
correct. The effect of StaUnius' ligature is simply an example of 
what has been called by Uaskell Mockin'/. The explanation of 
this term is as follows :—It appears that under normal conditions 
the wave of contraction in the heart starts at the sinus and 
travels downwards over the auricles to t,he ventricle, the irrita¬ 
bility of the muscle and the power of rhythmic contractility l»eing 
greatest in the sinus, less in the auricles, and still less in the 
ventricle, whilst under ordinary conditions the apical portion of 
the ventricle exhibits very slight, irritability' and still less power 
of spontaneous contraction. Thus it may' be supposed that the 
wave of contraction beginning at the sinus is more or less blocked 
by a ring of muscle at lower irritability at its junction with the 
auricles, and again the wave in the auricles is similarly delayed 
in its passage over to the ventricle by a ring of lesser irritability, 
and tints the wave of contraction starting at the sinus is broken 
as it were both at the auricles and at the ventricle, lly an 
arrangement of ligatures, or better, of a system of clamps, one 
part of the heart may lie isolated from the other portion, and 
the contraction when stimulated by an induction shock may be 
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made to stop in the portion of the heart-muscle in which it 
begins. It is not unlikely that the contraction of one portion of 
the heart acts as a stimulus to the next portion, and that the 
sinus contraction generally begins first, since the sinus is the 
most irritable to stimuli, and possesses the power of rhythmic 
contractility to the most highly developed degree. It must not 
be thought, however, that the wave of contraction is incapable of 
passing over the heart in any other direction than from the sinus 
downwards ; it has been shown that by application of appropriate 
stimuli at appropriate instants, the natural sequence of beats may 
be reversed, and the contraction starting at the arterial part of 
the ventricle may pass upwards to the auricles and then to the 
sinus in order. 

An exceedingly interesting fact with regard to the passage of 
the wave in any direction has been made out by partial division 
of the muscular fibres at any point, whereby one part of the wall 
of the heart is left connected with the other parts by a small 
portion of undivided muscular tissue, and the wave of contraction 
then being only able to pass to the next portion of the Avail every 
second or third beat. Thus division of the muscle has much the 
same effect as partial clamping it in the same position, or of a 
ligature similarly applied, but not tied tightly. Th e first 
S tannius ligatu re acta n s a pail iaL.gr.,.complete. .Idx&k, and_.pr.e-, 
ve nts the stimulus o f the sinus-beat, from passing furth er dow n 
t he heart, b ut pai’fcu be l rnr i^re ^iyature may. .be made to contract 
by stimuli applied to th em d irectly. The second Stannius liga¬ 
ture acts as a^gtfrilhTu s, to the ventric le. Instead of applying 
the suconmigafiife, the experiment may be varied by cutting off' 
the heart beyond the first ligature; the stimulation caused by 
cutting produces waves of contraction that travel over auricles 
and ventricle. 

The importance of the sdnus jis the startmg-poiut.of.. tlie peri¬ 
stalsis can be very well shown by warming it. If the whole 
heart is warmed by bathing it in salt solution at about the body 
temperature, it beats faster ; this is due to the sinus starting a 
larger number of peristaltic waves; that this is the case may be 
demonstrated by warming localised portions of the heart by a 
small gaivano cautery; if the sinus is Avartned the heart beats 
faster, but if the auricles or ventricle are warmed there is no 
alteration in the heart’s rate. 

The sinus in the frog’s heart, and that portion of the right 
auricle of the mammal’s heart*Avliich corresponds to the sinus, is 
always the last portion of the heart to cease beating on death, or 
after removal from the body (ultima morims). This is an addi 



432 PHYSIOLOGY OP THE HEART. [ch. xxxv. 

tional proof of the superior rhythmical power possessed by this 
part of the heart. 

The fact that the Staimius heart is quiescent has enabled 
physiologists to study the effects of stimuli upon heart muscle. 
A single stimulus produces a single contraction, which has a 
long latent period, is slow, and propagated as a wave over the 
heart at the rate of §■ to inch, or io—15 cm. a second. A 
second stimulus causes a rather larger contraction, a third one 
larger still, and so on for some four or five beats, when the size 
of the contraction becomes constant. T his staircase phenomen on, 
as it is called, is also seen in voluntary muscle, but it is more 
marked in the heart. The following tracing shows the result of 
an actual experiment:— 



Pig- 395-—Staircase from frog’H heart. This was obtained from a Stannius preparation : 
an induction shock being sent into it with every revolution of the cylinder ;rapid rate}. 
The contractions became larger with every beat. To be read from right to left. 


There are, however, more marked differyn ^ yn than th is between 
volun tary apd heart muscle. | The first of these is, that the 
amount of contraction does not vary with the strength of the 
stimulation. A stimulus strong enough to produce a contraction 
at all brings out as big a beat as the strongest. The second is, 
that the heart muscle has a long refractory period; that is to 
say, after the application of a stimulus, a second stimulus will 
not cause a second contraction until after the lapse of a certain 
interval called the ref ractory peri od. The third difference depends 
on the second, and consists in the fact that the ha& rt m uscle can 
npxerJae throwninto.complete tetanus by a rapid series oTstimn- 
iati qn s; with a strong current there is a partial fusion of the 
beats, but this is entirely independent of the rate of faradisation. 
Indeed, as a rule, the heart responds by fewer beats to a rapid 
than to a slow rate of stimulation. 

■* In spite of these differences there are many and important 
between heart mnaeln and voluntary muscle". 

I The thermal and chemical changes are similar; there is a 
using-up of oxygen and a production of carbonic acid and saroo- 
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lactic acid . The using-tip of oxygen was well illustrated by an 
experiment of Prof. Yeo’s. He passed a weak solution of oxy¬ 
hemoglobin through an excised beating frog’s heart, and found 
that after it had passed through the heart, the solution became 
less oxygenated and venous in colour. 

The electrical changes are also similar, and have already been 
dwelt upon in Chapters XII. and XIV. We may, however, add to 
the facts there described another experiment which was performed 
by Dr. Gaskell. He argued that if the vagus is an anabolic nerve, 
and the sympathetic a katabolic nerve (for explanation of these 
terms see p. 375), they ought ty produce different electrical as well 
as different nutritional effects. So he took a strip of the auricle 
of the tortoise which was still in connection with the two nerves ; 
on stimulating ,the|.yagus_ it..became electrically more negative, 
and on stimulating the sympathetic it became more positive, a 
result which justified his argument. 

Instruments for Studying the Excised Frog’s Heart. 

If a frog’s heart is simply excised and allowed to remain with¬ 
out being fed, it ceases to beat after 
a time varying from a few minutes 
to an hour or so, but if it is fed with 
a nutritive fluid, it will continue to 
beat for many hours. A very good 
nutritive fluid is defibrinated blood di¬ 
luted with twice its volume of physio¬ 
logical saline solution. Dr. llinger has, 
however, shown that nearly as good 
results are obtained with physiological 
saline solution to which minute quanti¬ 
ties of calcium and potassium salts 
have been added; in other words, the 
inorganic salts of the blood will main¬ 
tain cardiac activity for a time without 
the addition of any organic material. 

The fluid is passed through the heart 
by means of a perfusion cannula (fig. 

396). The heart is tied on to the end 
of the cannula; the fluid enters by 
one and leaves by the other tube. 

There have been innumerable instruments devised for obtaining 
graphic records of the heart’s movements under these circum¬ 
stances, but we will be contont with describing three only. They 

K.P. F F 



Fig. Kronoeker’s Perfusion 
Cannula, for supplying Fluids 
to the interior of the Frog’s 
Heart. 

It consists of a double tube, 
one outside the other; the end 
view is shown in the engraving. 
The inner tube branches out to 
the left; thus, when the ventricle 
is tied to the outer tube of the 
cannula, a current of liquid can 
be made to pass into the heart 
by one tube and out through the 
other. 
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have been much used in the investigation of drags on the heart, 
and the results obtained have been of much service to physicians. 

(1) The heart having 1 been securely tied on to the perfusion cannula, the 
circulating fluid is passed through it. One stem of the cannula is then 
attached by the small side branch on the left in fig. 396 by a tube containing 
salt solution to a small mercurial manometer, provided with a float, on the 
top of which is a writing style. The apparatus is arranged so that the 
movements of the mercury can be recorded by the float and the writing 
style on a slowly revolving drum. The movements of the mercury are due 
to change in the endocardiac pressure ; the other two instruments we shall 
describe are constructed on the opposite principle : the heart is enclosed in 
a chamber filled with oil, and the movements of this oil outside the heart 
are registered. 

(2) Roy'* Tonometer (fig. 397) : A small bell-jar, open above, but provided 
with a firmly fitting cork, in which is fixed a double cannula, is adjustable 
by a smoothly ground base upon a circular brass plate, about 2 to 3 inches 
in diameter. The junction is made complete by greasing the base with lard. 
In the plate, which is fixed to a stand adjustable on an upright, am two 



holes, one in the centre, a large one about one-third of an inch in diameter, 
to which is fixed below a brass grooved collar, about half an inch deep; the 
other hole is the opening into a pipe provided with a stopcock. The opening 
provided with the collar is closed at the lower jmrt with a membrane, which 
is closely tied by means of a ligature around the groove at the lower edge 
of the collar. To this membrane a piece of cork is fastened by sealing-wax, 
from which passes a wire, which is attached to a lever (cut short in the 
diagram) fixed on a stage below the apparatus. 

When using the apparatus, the bell-jar is filled with olive oil. The heart 
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of a large frog is prepared and the cannula fixed in the cork is firmly tied 
into it; the tubes of the cannula communicate with the reservoir of circu¬ 
lating fluid on the one hand, and with a vessel to receive it after it has run 
through on the other. The cannula with heart attached is passed into the 
oil, and the cork firmly secured. Every time the heart enlarges, the mem¬ 
brane is pressed down ; every time the heart contracts the membrane is 
pulled up ; the lever follows and magnifies these movements. The lever is 
adjusted to a convenient elevation and allowed to write on a moving drum. 
After a short time the heart may stop beating ; but two wires are arranged, 
the one in the cannula, the other projecting from the plate in such a way 
that .the heart can be moved against them by shifting the position of the 
bell-jar a little. The wires act as electrodes, and can be made to communi¬ 
cate with an induction apparatus, so that induction shocks can be sent into 



the heart to produce contractions. After a greater or less lime the heart 
ceases to beat altogether ; before doing so it becomes irregular. A frequent 
form of irregularity seen consists of groups of contractions each showing a 
staircase, separated by long intervals of quiescence. (Luciani's Groups.) 

(3) Schafer'n Hcurt-plrthyxmixjraph .—The principle of this apparatus is 
the same as Roy’s. A diagrammatic sketch of it is given in fig. 398. The 
heart, tied on to a double cannula, is inserted into an air-tight vessel con¬ 
taining oil. On one side of the vessel is a tube, in which a lightly-moving 
piston is fitted ; to this a writing point ifs attached. The piston is moved 
backwards and forwards bydhc changes of volume in the heart causing the 
oil to alternately recede from and pass into this side tube. The correspond¬ 
ing tube on the other side can be opened and the tube with the piston 
closed when one wishes to cease recording the movements. 


v v 2 
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CHAPTER XXXVI. 

THE CIRCULATION IN THE BLOOD-VESSELS., 

The circulation through the vessels is accomplished by th e 
heart as the primary propelling Jioree'; the pressure in the hea rt 
is greater than that in the arteries ; thcTarteriql pressure (which 
IS kept high not only by the heart’s force, but by the existence 
of resistance at the periphery) is greater than that in the capil¬ 
laries, and the pressure is lowest in the veins, especially at their 
entrance into the heart ; and fluid always flows in the direction 
of pressure. Before, however, passing on to the all-important 
question of blood-pressure, we must first consider various other 
phen omena iji connection with the flow in the vessels, such as the 
velocity of the stream, and the character of thS~flDw in different 
parts of the vascular circuit. 


The Velocity of the Blood-Flow. 


The velocity of the blood-current at any given point in the 
various divisions of the circulatory system is inversely propor- 
tiona l. to their sec tional are a at, that_ouint. If the sectional area 
of all the branches of a vessel united were always the same as 
that of the vessel from which they arise, and if the aggregate 
sectional area of the capillary vessels were equal to that of the 
aorta, the mean rapidity of the blood’s motion in the capillaries 
would be the same as in the aorta; and if a similar correspondence 
of capacity existed in the veins and arteries, there would be an 
equal correspondence in the rapidity of the circulation in them. 
But when an artery divides, the sectional area of its branches is 
greater than that of the artery from which they originate. The 
only exception to this rule is seen in the division of the aorta into 
the two common iliac arteries. It is the same with the veins, 


the sectional area of a vein formed by the union of smaller veins 
is less than the total sectional area of its tributaries. From t he 


aorta onwards to the capillaries there is a radus 
area'brtHe~strcam with a eorres 


increase 


crea se of 
its velocity! 


fllanes onwards to t 
<fhed of theslaamHU 


fiTbther words the arterial and Venous systems may be repre¬ 
sented by two truncated cones with their apices directed towards 
the heart; the area of their united base (the sectional area 
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of the capillaries) is about 700 times as gr eat as tha t of the 
truncated. ap ex representing the aorta. Thus the velocity of 
b lood in the capillaries is not more th an 7-iir. °f that in the aorta. 
The veins jare larger than the corresponding arteries, and so the 
rat§. there is proportionally slower. 

In the Arteries .—The velocity of the stream of blood is greater 
in the arteries than in any other part of the circulatory system, 
and in them it is greatest in the neighbourhood of the heart, and 
during the ventricular systole. The rate of movement diminishes 
during the diastole of the ventricles, and in the parts of the 
arterial system most distant frpm the heart. 

A few of the results obtained by different observers may be 
here given. 


In the carotid of the dog, the velocity is 205—350 mm. per second. 
,, ,, ,, horse ,, 3^^ » 


metatarsal 


J> 

1 • 




”, 'Wvttjli'f f. * f 

In very round numbers we may state the average speed in the 
large arteries as a foot per second. 

Estimation of the Velocity. —Various instru¬ 
ments have been devised for measuring the velocity 
of the blood-stream in the arteries. Ludwig’s 
Stromuhr (fig. 399) consists of a U-shaped glass 
tube dilated at a and a the ends of which h and i, 
are of known calibre. The bulbs can be filled by a 
common opening at k. The instrument is so con¬ 
trived that at b and V, the glass part is firmly fixed 
into metal cylinders, attached to a circular hori¬ 
zontal table r. o', capable of horizontal movement on 
a similar table A A' about the vertical axis marked 
in figure by a dotted line. The opening in c o', 
when the instrument is in position, as in fig. 399, 
corresponds exactly with those in Ad'; but if o o' 
be turned at right angles to its present position, 
there is no communication between h and a, and i 
and a\ but h communicates directly with i ; and if 
turned through two right angles A communicates 
with d, and c with A', and there is no direct commu¬ 
nication between h and i. The experiment is per¬ 
formed in the following way:—The artery to be 
experimented upon is divided and connected with 
two cannulse and tubes which fit it accurately with 
h and i — h the central end, and i the peripheral ; 
the bulb a is filled with olive oil up to a point 
rather lower than As, and a' and the remainder of a 
is filled with defibrinated blood ; the tube on As is 
then carefully clamped : the tubes d and A' are also 
filled with defibrinated blood. Whpn everything is 

ready, the blood is allowed to flow into a through h, and it pushes before 
it the oil, and that the defibrinated blood into the artery through i, and 
replaces it in a'; when the blood reaches the former level of the oil in a, 
the disc e o' is turned rapidly through two right angles, and the blood 



Fig. 3159.—Ludwig's 
Stromuhr. 
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flowing through d into a' again displaces the oil which is driven into a. 
This is repeated several times, and the duration of the experiment noted. 
The capacity of a and a' is known ; the diameter of the artery is also 
known by its corresponding with the cannulae of known diameter; and as 
the number of times a has been filled in a given time is known, the velocity 
of the current ean be calculated. 

Chauveau’s instrument (fig. 400) consists of a thin brass tube, a , in one 
side of which is a small perforation closed by thin vulcanised india-rubber. 
Passing through the rubber is a fine lever, one end of which, slightly flat¬ 
tened, extends into the lumen of the tube, while the other moves over the 
face of a dial. The tube is inserted into the interior of an artery, and 
ligatures applied to fix it, so that the movement, of the blood may, in flowing 


r 



Fig. 400 .—Diagram of Chauveau’s Dromograph. a. Brass tube for introduction into the 
lumen of the artery, and containing an index-needle, which passes through the elastic 
membrane in its side, and moves by the impulse of the blood current, c, Graduated 
scale, for measuring the extent of the oscillations of the needle. 

through the tube, be indicated by the movement of the outer extremity of 
the lever on the face of the dial.. 

The ITcematoehometer of Vicrordt resembles in principle that of 
Chauvcau. 

The Jltemadromtmeter of Volkmann, one of earliest instruments devised 
for this purpose, is simply a long glass U-tube of the same calibre as the 
artery under investigation. It is provided with a stop-cock, so that at a 
given moment the blood can be admitted, and the time that the blood takes 
to reach its other end is observed. 

In the Capillaries .—The microscopic observations of E. II. 
Weber and Valentin agree very closely as to the ,rate of the 
blood-current in the capillaries of the frog; and the mean of their 
estimates gives the velocity of t he system ic capillary circulation at 
about one inch ( 2c, mm.) per min ute. The velocity in the capil¬ 
laries of warm-blooded animals is greater. In the dog xV to x ^ 
inch (-5 to *75 mm.) a second. This may seem inconsistent with 
the facts, which show that the whqje circulation is accomplished 
in less than half a minute. But tho whole length of capillary 
vessels through which any given portion of blood has to pass, 
probably does not exceed from -^th to xg-th of an inch (-5 mm.); 
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and therefore the time required for each quantity of blood to 
traverse its own appointed portion of the general capillary system 
will scarcely amount to a second. 

In the Veins. —The velocity of the blood is greater in the veins 
than in the capillaries, but less than in the arteries: this fact 
depends upon the relative capacities of. the arterial and venous 
systems. If an accurate estimate of the proportionate areas of 
arteries and the veins corresponding to them could be made, we 
might, from the velocity of the arterial current, calculate that of 
the venous. A usual estimate is, that the capacity of the veins 
is about twice or three times as great as that of the arteries, and 
that the velocity of the blood’s motion is, therefore, about twice 
or three times as great in the arteries as in the veins, 8 inches 
(200 mm.) ajeeoad.^ The rate at which the blood moves in the 
veins gradually increases the nearer it approaches the heart, for, 
the sectional area of the venous trunks, compared with that of| 
the branches opening into them, becomes gradually less as the 
trunks advance towards the heart. 

Of the Circulation as a whole. —Among the earliest investigators 
of the question how long an entire circulation takes was Herip g. 
He injected a solution of potg-s siui a ierrocyanide into the central 
end of a divided jugular vein and collected the blood either from 
the other end of the same vein, or from the corresponding vein 
of the other side. The substance injected is one that can be 
readily detected by a chemical test (the prussian blue reaction). 
Vierordt improved this method by collecting the blood as it flowed 
out, in a rotating disc divided into a number of compartments. 
The blood was tested in each compartment, and the ferrocyanide 
discovered in one which in the case of the horse received the 
blood about half a minute after the injection had been made. 
The experiment was performed in a large number of animals, and 
the following were a few of the results obtained: 

In the horse . . . 31 seconds. 

„ dog . . . . 16 „ 

,, cat . . . . 6.3 „ 

„ fowl . . • • 5 - „ 

\t first sight these numbers show no agreement, but in each 
sase it was found that the time occupied was 27 heart beats. 
The dog’s heart, for instance, beats twice as fast as the horse’s, 
and so the time of the entire circulation only occupies half as 
much time. 

If, now, this is applied to man, 27 heart bents, the heart beat- 
ing 72 times a minute, will occupy 23’2 seconds; and this was 
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until recently taken as the time of the complete circulation, and 
from it the following calculation was made; 2 7 heart beats will 
propel all the blood round the body, so that if we multiply 27 
by the capacity of the left ventricle, we obtain the total amount 
of blood in the body; thus : 

27 x 187-5 = 5 i° 62 grammes, which.ia...equal to aboutjj^ 

thirteenth^of the bod.y-: weiy Iit oFa man weighing ^kilograms. 
^Th^questT6n7"however, has recently been re-investigated by 
Prof. Stewart by new and improved methods, which have shown 
that the time of the circulation is abov^^g^gQju^, that is con¬ 
siderably less than was found by f,he researches of Hcring and 
Vierordt. The great objection to the older method is the fact 
that haemorrhage is occurring throughout the experiment, and 
this would materially weaken the heai't and slow down the cir¬ 
culation. The substance Stewart injects is methylene blue; this 
can be readily detected through the vessel walls, and the time of 
its reappearance noted ; this method gives the same results as a 
more complicated method involving the use of a galvanometer 
previously adopted by the same investigator. Stewart has 
applied his method also for determining the time occupied by the 
passage of blood through various districts of the circulation ; 
among the organs, for instance, he finds that the circulation 
through the kidneys is slowest. 

The Use of the Elasticity of the Vessels. 

If a pump is connected with a rigid tube, such as a glass tube, 
every time that a certain amount is forced into one end of the 
tube an exactly equal quantity will be forced out at the other 
end. During the intervals between the pumpings, the flow will 
cease. If the far end of the tube is partially closed, the flow 
will still bo intermittent, only the quantity injected and the 
quantity ejected, though still of equal volume, will be diminished. 
If we employ an elastic tubo instead of a rigid tube, and the end 
is left freely open, the flow will still be intermittent as in the 
case of the rigid tube; but if the end of the elastic tubo is 
narrowed by a clamp the intermittent flow will be converted into 
a more or less perfectly constant flow. Each stroke of the pump 
forces a certain amount of fluid into the tube, but owing to the 
peripheral resistance, it cannot all escape at once, and part of 
the force of the pump is spent in distending the walls of the tube. 
This distended elastic tube, however, tends to empty itself, and 
forces out the fluid which distends it before the next stroke of 
the pump takes place. One part of the fluid is therefore forced 
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out by the immediate effect of the pump, and another part by 
the elastic recoil of the tube between the strokes. If the rate of 
the pump and the distension of the tube which it produces is 
sufficiently great, the fluid forced out between the strokes will, 
be equal to that entering at each stroke and thus the outflow 
becomes continuous. 

Let us now apply this to the body. 

At each beat the left ventricle forces about four ounces of 
blood into the already full arterial system. The arteries are 
clastic tubes, and the amount of elastic tissue is greatest in the 
large arteries. The first effect of the extra four ounces is to 
distend the aorta still further; the elastic recoil of the walls 
drives on another portion of blood which distends the next section 
of the arterial wall, and this wave of distension is transmitted 
along the arteries with gradually diminishing force as the total 
arterial stream becomes larger. This wave constitutes the pulse. 
Between the strokes of the pump, or, in other words, during the 
periods of diastole, the arteries tend to return to their original 
size, and so drive the blood on. T he flow, theref ore , doep not 
cease dnringthe heaxt’a-.inacti yity, bu t although the force is an 
intermitteut. one* the fl ow thro ugh the capilfaries and"”tKe veins 
beyon d is a constant one, all trace of the pulse having disap¬ 
peared. The peripheral resistance” which keeps up the blood- 
pressure in the arteries, and like the clamp on our india-rubber 
tube, assists in the conversion of the intermittent into a continur 
ous stream is to be found in the arterioles or small arteries, just 
before the blood passes into what we may term the vast capillary 
lake. 'Jhese Bma jq arteries with their relative excess of muscular 
tissue, which In'Kealth"iff‘always In a tonic Htate of modera te con - 
trafitioirppIayThe*part of a multitudinous system of stopncocksT 

The largo arteries contain a considerable amount of muscular 
as well as elastic tissue. This co-operates with the elastic tissu e 
i n adapting the calib re of the vessels to the quantity "of blood 
they contain . For the amount of blood in the vessels is never 
constant, and were the elastic tissue only present, the pressure 
exercised by the ,waElif~6T the containing vessels on the contained 
blood would be sometimes very small,"sometimes too great. The 
presence of a contractile element, h owever, pro vides,..!qr a certain 
uinfonnTt y~m 7 1 heT'amouiit of pressure exercise d. There appears 
no reason to suppose that the muscular coat assists in propelling 
the onward current of blood, except in virtue of the fact that 
muscular tissue is elastic, and therefore co-operates in the large 
arteries with the elastic tissue in keeping up the constant flow in 
the way already described. 
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The contractility of the arterial walls fulfils a useful purpose 
in checking htemorrhage should a small vessel be cut as it assists 
in the closure of the Cut end, and this in conjunction with the 
coagulation of the blood arrests the escape of blood. 

The Pulse. 

This is the most characteristic feature of the arterial flow. It 
_is a wave of expansion which travels along the' arteries due to t he 
propulsion of the contents nf"tTic~^eft^elTtrt6Te T nto the already 
full arterial ^ Bvs lerm The more dlstaiiTTHelirtery from theTieart, 
the longer is the interval that elapses between the ventricular 
beat and the arrival of the pulse. Thus it is felt in the carotid 
earlier than in the radial artery, and it is still later in the dorsal 
artery of the foot. The difference of time is, however, very 
slight; it is only a minute fraction of a second ; for a distinction 
must be drawn between the propagation of the pulse and the rate 
of blood flow in the arteries ; the wave travels at the rate of from' 
5 to io metres a second, that is twenty or thirty times the rate 
of the blood current. The pulse may be compared to a wave 
produced by the wind travelling rapidly down a sluggishly-flowing 
river. 

A physician usually feels the pulse in the radial artery, since 
this is near the surface, and supported by bone. It is a most 
valuable indication of the condition of the patient’s heart and 
vessels. It is necessary in feeling a pulse to note the following 
points :— 

1. Its frequency ; that is the number of pulse beats per minute. 

This gives the rate of the heart beats. 

2. Its length ; that is how long a time each pulse-beat occupies. 

3. Its strength; whether it is a strong, bounding pulse, or a 

feeble beat; this indicates the force with which the hoart 
is beating. 

4. Its regularity or irregularity ; irregularity may occur owing 

to irregular Cardiac action cither in force or in rhythm. 

5. Its tension ; that is the force necessary to obliterate it. This 

gives an indication of the state of the arterial walls and 
the peripheral resistance. 

In disease there are certain variations in the pulse, of which wo 
will mention only two; namely, the intermittent pulse, due to the 
heart missing a beat every now and theh : anT1bhe water hammer 
pulse, due t 5 iLherTuTaortie regurgitation or to a loss of elasticity 
of the arterial walls, either of these circumstances diminishing 
the onward flow of blood during the heart’s diastole, and thus 1 



OH. XXXVI.] 


8PHYGMOGBAPHS. 


443 


the suddenness of the impact of the blood on the arterial wall 
during systole is increased. When this “condition is due to 
arterial disease, such as atheroma or calcification, this sudden 



Fig. 401.—Marey’a Sphygmograph, modified by Mahomed. 


pulse combined with the increased brittleness of the arteries may 
lead to rupture of the walls, and this is especially serious if it 
occurs in the arteries of the brain (apoplexy). 

In order to study the pulse more fully, it is necessary to obtain 



Kg. 402.—Diagram of the lovor of the Sphygmograph. 


a graphic record of the pulse-beat, and this is accomplished by 
the use of an instrument called the sphygmograph. This 
instrument consists of a series of levers, one end of which is a 
button placed over the artery, and the other end is provided with 
a writing point to inscribe the magnified record of the arterial 
movement on a travelling surface. 










444 THE CIRCULATION IN THE BLOOD-VESSELS, [oh. XXXVI. 


The instruments most frequently used are those of Marey, one 
of the numerous modifications of which is represented in figures 
401, 402, and 403, and of Dudgeon (fig. 404). 



Kg. 403,—The Sphygmograph applied to the arm. 

Each instrument is provided with an arrangement by which the 
pressure can be adjusted so as to obtain the best recoil. The 
measurement of the pressure is, however, rough, and both instru- 



Kg. 404.—Dudgeon’s Sphygmograph. The dotted outline represents the piece of blackened 
paper on which the sphygmogram is written. 


ments have the disadvantage of giving oscillations of their own 
to the sphygmogram; this is specially noticeable in Dudgeon’s 
sphygmograph. But these defects,.may be overcome by the use 
of more complicated apparatus, such as the sphygmometer of Roy 
and Adami and the more recently invented sphygmomanometer of 
Mosso, both of which, however, are unsuitable for olinical use. 
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Fig. 405 represents a typical sphygmographie tracing obtainod 
from the radial artery. It cons ists of an upstroke due t o the 
expansion of fthe artery, and . A~ do^astrok e_, du o to its retrac ¬ 
tion. The d escent i s mo re gradual than the upstroke, because 
the elastic recoil acts more constantly and" steadily than the 
he art-bea t. On the descent are several secondary (katacrotic) 
elevations. " i ~"" —— 

A is the primary , or percussion wave; C is the pre-dicrotic, or 
tidal wave; 1 ) is the dicrotic wave, and E the post-dicrotic wave, 
and of these there may be several. In some cases there is a 
secondary wave on the upstroke, which is called an a nacrot ic 
wave. 

These various secondary waves have received different inter¬ 
pretations, but the best way of explaining them is derived from 
information obtained by tak¬ 
ing simultaneous tracings of 
the pulse, aortic pressure, 
apex beat, and interventricular 
pressure, as in the researches 
of Hiirthle. By this means 
it is found t hat the primary 
a nd pre-dicrotic waves occ ur 

(h iring the _systole-of-..the 

he art, and the rem ainder of 
the waves during the diastole. 

The closure of the aortic 
valves occurs just before the 
dicrotic wave. The secondary waves, other than t he di crotic wave, 
are due to the cla stic tehsiQii df the arteries, and are incre ased in 
number when the tension o f..the.J^ejies Ja greatest; the tauter 
an elastic substance is, the more does it tend to vibrate under the 
influence of any fresh force suddenly applied to it. Some of the 
post-dicrotic waves are also doubtless instrumental in origin. The 
dicrotic wave is of different,.origin . It was at one time thought 
that thiswave was reflected from the periphery, but this view is 
at once excluded by the fact that wherever we take the pulse¬ 
tracing, whether from the aorta, carotid, radial, dorsalis pedis, 
etc., this secondary elevation is always situated at the same dis¬ 
tance from the beginning of the primary elevation, showing that 
it is centrifugal, travelling in -the same direction as the primary 
wave, and having its origin ir^ the commencement of the arteria 
system. Moreover, a single reflected wave from the periphery 
would be impossible, as the waves reflected from one part would 
be interfered with by those from other parts; and a reflected 



Fig. 403.—Diagram of pulso-tracing. a, up¬ 
stroke ; b, down-stroke; c.pre-dicrotio 
wave; d, dicrotic; s, post-dicrotic wave. 
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wave would be increased by high peripheral resistance, and not 
diminished as the dicrotic wave is. 

T he prim ary; ,cause of the dicrotic waye. js the cl osure of the 
semilunar valve s: the inflow of thc blood into the aorta sud¬ 
denly ceases, and the blood is driven up against the closed aortic 
doors by the elastic recoil of the aorta; the wave rebounds' from 
here and is propagated through the arterial system as the 
dicrotic elevation. 

The systolic secondary waves^ namely, the pre-dicroiic .and the 



Fig. 406.—Anacrotic pulse. 


anacrotic when it is present, are due to elastic vibrations of the 
aortic*"wall and perhaps of the heart wall itself; they” ar^“in¬ 
creased by an increase in the peripheral resistance. 

In our study of endo-cardiac pressure, we saw that the systolic 
plateau sometimes has an ascending, sometimes a descending, slope 
(see p. 421); we now come to the explanation of this fact. If 



Fig. 407.—Dicrotic pulse. 


after the first sudden rise of pressure in the aorta the peripheral 
resistance is low and the blood can escape more rapidly than it is 
thrown in, the plateau will sink. If, on the other hand, the, 
peripheral resistance is high, the aortic pressure will rise as long 
as the blood is flowing in, and we get an ascending systolic 
plateau and an anacrotic pulse. Thus an anacrotic pulse is seen 
in Bright’s disease, where the peripheral resistance is veiy high. 

The production of the dicrotic wave is favoured by relaxation 
of the arterioles when the heart is beating forcibly as in fever, 
and to a certain extent after taking alcohol. Such a pulse i s 
called a dicrotic pulse, and the iecpncT heat can be easily felt by 
t hiTrin ger on the~radlal'afEefy. .. 

The main waves of a pulse tracing can be demonstrated with¬ 
out the use of any instruments at all by allowing the blood to 
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spurt from a cut artery on to the surface of a pipee of white 
paper travelling past it. Wo thus obtain what is very appro¬ 


priately called a hcem-autogr aph (fig. 408). 

If a long pulse-tracing is taken, the effect 
of the respiration can be seen causing an in¬ 
crease of pressure, and a slight acceleration of 
the heart’s beats during inspiration. This we 
shall study at greater length in connection 
with blood-pressure. 

The Hate 0/ Propagation of the Pulse- Wave .—The 
method of ascertaining this may be illustrated by 
the use of a long elastic tube into which fluid is forced 
by the sudden stroke of a pump. If a series of levers 
are placed along the tube at measured distances those 
nearest the pump will rise first, those farthest from it 
last. If these are arranged to write on a revolving 
cylinder under one another, this will be shown graphi¬ 
cally, and the time interval between their movements 
can be measured by Hifeimc tracing. The same principle 
is applied to the arteries of the body; a series of 
Marey’s tambours are applied to the heart and to 
various arteries at known distances from the heart; 



Pig. 408.—Haem-auto¬ 
graph, to be read 
from left to right. 


then levers are arranged to write immediately under 


one another, as in fig. 382. The difference in the time of their up-strokes 
is measured by a time tracing in the usual way. 


The Capillary Flow. 


When the capillary circulation is examined in any transparent 
part of a living animal by means of the microscope (fig. 409), 
the blood is seen to flow with a 
constant eipiahh; motion : the rod 
blood - corpuscles moving along, 
mostly in single file, and bending 
in various ways to accommodate 
themselves to the tortuous course 
of the capillary, but instantly re¬ 
covering their normal outline on 
reaching a wider vessel. 

At the circumference of the 
stream in the larger capillaries, but 
especially well marked in the small 

• j • • ^ , ... Pig. 409—Capillaries (C) m the web 

arteries and veins, in contact with of the frog's foot connecting a 

the walls of the vessel, and aflher- 

ing to them, t here is a layer of 

hguor aanguin i s which moves more slowly than the blood in the 
centre. The existence «rf~this still layer, as "it "IS~teimea, is 
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inferred both from the general fact that such an one exists in 
all tubes traversed by fluid, and from what can be seen in watch¬ 
ing the movements of the blood-corpuscles. Anyone who has 
rowed on a river will know that the swiftest current is in the 
middle of the stream. The red corp uscle s occupy the middle of 
the streapi a nd move with comparatiYfi rapidity; the colourless 
corpuscles run much more slowly.by the_walj ^ .o fthe vess el: while 
nekt to the “wall "there is a transparent space in which the fluid 
is at comparative rest; for if any of the corpuscles happen to bo 
forced within it, they move more slowly than before, rolling lazily 
along the side of the vessel, and often adhering to its wall. Part 
of this slow movement of the colourless corpuscles and their occa¬ 
sional stoppage may bo due to their having a natural tendency to 
adhere to the walls of the vessels. Sometimes, indeed, when the 
motion of the blood is not strong, many of the white corpuscles 
collect in a capillary vessel and for a time entirely prevent the 
passage of the red corpuscles. 

When the peripheral resistance is greatly diminished by the 
dilatation of the small arteries and capillaries, so much blood 
passes on from the arteries into the capillaries at each stroke of 
the heart, that there is not sufficient remaining in the arteries to 
distend them. Thus, the inte r mitt ent current of t h e ventric ular 

nf thft the capillaries aj£jceached ; anri ijo mtormit - 

tepey of Jhe flow occurs JtofcKTn capillaries and. veins and. a pulse 
is produced- The samejphenomenon may occur when the arteries 
become rigid fmoi disease, and when the beat of the heart is so 
slow oFso feeble that the blood at each cardiac systole has time 
to' pass oh to the capillaries before the next stroke occurs; the 
amount of blood sent at each stroke being insufficient to properly 
distend the elastic arteries. 

It was formerly supposed that the occurrence of any transuda¬ 
tion from the interior of the capillaries into the midst of the 
surrounding tissues was confined, in the absence of injury, strictly 
to the fluid part of the blood; in other words, that the corpuscles 
could n<jt escape from the circulating stream, unless the wall of 
the containing blood-vessel was ruptured. Augustus Waller, 
affirmed, in 1846, that he had seen blood corpuscles, both red 
and white, pass bodily through the wall of the capillary vessel in 
which they were contained (thus confirming what had been stated 
a, short time previously by Addison); and that, as no opening 
conld be seen before their escape, so none could be observed after¬ 
wards—so rapidly was the part healed. But these observations 
did not attract much notice until the phenomena of escape of the 
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blood-corpuscles from the capillaries and minute veins, apart from 
mechanical injury, were rediscovered by Cohnheim in 1867. 

Cohnheim’s experiment demonstrating the passage of the cor¬ 
puscles through the wall of the blood-vessel, is performed in the 
following manner: A. frog is curarized, and the abdomen having 
been opened a portion of small intestine is drawn out, and its 
transparent mesentery spread out under a microscope. After a 
variable time, occupied by dilatation, following contraction of the 
minute vessels and accompanying quickening 
of the blood-stream, there ensues a retarda¬ 
tion of the current, and bleod-corpuseles, 
both red and white, begin to make their way 
through the capillaries and small veins.. 

The process of diapedesis of the red cor¬ 
puscles, -which occurs under circumst ances of 
impeded ve nous circulation, and consequent ly 
in creased blood-pressu re, resembles closely 
the migration oftEe' leucocytes, with the 
exception that they are squeezed through the 
wall of the vessel, and do not, like them, 
work their way through by amoeboid move¬ 
ment. 

Various explanations of these phenomena 
have been suggested. Some believe that 
pseudo-stomata between contiguous endothe¬ 
lial cells provide the means of escape for the 
blood-corpuscles. But the chief share in 
the process is to be found in the vital en¬ 
dowments with respect to mobility and 
contraction of the parts concerned—both of 
the corpuscles and of the capillary wall 
itself. 

Diapedesis or emigration of the white cor¬ 
puscles occurs to a small, extent in health, 
creased in inflammation, and may go on so as to form a large 
collection of leucocytes outside the vessels. Such a collection is 
called ano^tuH, and the corpuscles are called pus corpuscles : 
they are, however, dead leucocytes, and a. 

amo unt of fat ty dege neration in their pr otoplasm. 

The emigration of red corpuscles is only seen in inflammation 
and is a passive process; it occurs when the holes made by the 
emigrating leucocytes do not close up immediately and so the red 
corpuscles escape too. 

-The real meaning of the process of inflammation is a subject 

x.p. 



Fig. 410.— A large capil¬ 
lary from the frog’s 
mesentery eight hours 
after irritation had 
been set up, showing 
emigration of leuco¬ 
cytes. a. Cells in the 
act of traversing the 
capillary wall; b, some 
already escaped. 

(Frey.) 


But it is much in- 


a a 
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which is being much discussed now, but it may be interesting to 
state briefly the views of Metschnikoff, who has in recent years 
been one of the most prominent investigators of the subject. 
Even if these views do not represent the .whole truth, it can 
hardly be doubted that the phenomena described play a very 
important part in the process. Metschnikoff teaches that the 
vascular phenomena of inflammation have for their object- an 
increase,,in .the emigration of leucocyte^" wln<^..have the ,yawXJ>t 
devouring the.irritant substance, and remo ving the tis sues kill ed 
by tlie.lesi.9tt- They are therefore called ^’maybe that 

the microbic influence, or the influence of the Chemical poisons 
they produce, is too powerful for the leucocytes; then they are 
destroyed and the dead leucocyte s bourne p',1” ; but 

if the leucocytes are successful in destroying the foreign body, 
micro-organisms, and disintegrated tissues, they disappear, wan¬ 
dering back to the blood-vessels, and the lost tissue is replaced by 
a regeneration of the surrounding tissues. 

The circulation through the capillaries must, of necessity, be 
largely influenced by that which octfcrs in the vessels on either 
side of them in the arteries or the veins ; their Intermediate 
position causing them to feel at once any alteration in the size, 
rate, or pressure of the arterial or venous blood-stream. Thus, 
the apparent contraction of the capillaries, on the application of 
certain irritating substances, and during fear, and their dilatation 
in blushing, may be referred primarily to the action of the small 
arteries. 


The Venous Flow. 

The blood-current in the veins is maintained (a) primarily bv _ 
, the vis a terr/o of the contraction of the left ve ntricle; but very 
effectual assistance to the flow is afforded fbl hy the action of the 
muscles capable of pressing on the veins, with “valves, as well as 
(c) by the suction action of the. hearL.jmd..t he aspir atory actio n 
of the"T 3 sSTax~(vV« a froute). 

The effect of muscular pressure upon the circulation may be 
thtts explained. When pressure is applied to any part of a vein 
and the current of blood in it is obstructed, the portion behind 
the seat of pressure becomes swollen and distended as far back 
as the next pair of valves, which are in consequence closed. 
Thus, whatever force is exercised by the pressure of the muscles 
on the veins, is distributed partly,, in pressing the blood onwards 
in the proper course of the circulation, and partly in pressing it 
backwards and closing the valves behind. 

The circulation might lose as much as it gains by such an 
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action, if it were not for the numerous communications which 
the veins make with one another ; through these, the closing up 
of the venous channel by the backward pressure is prevented 
froni being any serious hindrance to the circulation, since the 
blood, on which the onward course is arrested by the closed 
valves, can at once pass- through some anastomosing channel, and 
proceed on its way by another vein. Thus, t he effect of muscu lar 
pressure u pon v eins whicj Limye valveg, is turned al most entirely 
to the adv antage of the_circulation; the pressure of the blood 
onwards is all advantageous, and the pressure of the blood back¬ 
wards is prevented from being, a hindrance by the closure of the 
valves and tho anastomoses of the veins. 

In the web of the bat’s wing, the veins are furnished with 
valves, and possess the remarkable proporty of rhythmical con¬ 
traction and dilatation, whereby the current of blood within 
them is distinctly accelerated. The contraction occurs, on an 
average, about ten times in a minute; the existence of valves 
preventing regurgitation, the entire effect of the contractions is 
auxiliary to the onward curr«Rt of blood. Analogous phenomena 
have been observed in other animals. 

A venous pulse is observed under _the. conditions pEBXi.QU@ly 
< i < 'scrTlTeiT“\v'l7<rn the .arterioles are d ilated so tha t the arteri al pulse 
passes through the pupil Invite veins. 

A venous pulse is also seen in the superior or inferior vena 
cava near to their entrance into the heart; this corresponds to 
variations of tho pressure in the right auricle. When the 
ventricle is contracting there is a slow rise due to the fact that 
the blood cannot get into the ventricle and so distends the 
auricle ; a second short sharp elevation of pressure is produced by 
the auricular systole. Alterations of v enous press ure are also 
produced^ in the great veins by the respiratory movements, the 
pressure sinking during inspiration, and rising during expiration. 

Local Peculiarities of the Circulation. 

The most remarkable peculiarities attending the circulation of 
blood through different organs are observed in the cases of the 
Itvain, erectile organs, lungs, liver, spleen, and kidneys. 

In the Brain .—For the due performance of its functions the 
brain requires a large supply of blood. This object is effected 
through the number and size, of its arteries, the two internal 
caroti ds, and the two vertebra is. It is further necessary that the 
force with which this blood is sent to the brain should be less, or 
H t least should be subject to less variation from external circum- 

002 
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stances than it is in other parts, and so the large arteries are very 
tortuous and anastomose freely in the circle of Willis-, which thus 
insures that" the supply~of Blood to the brain is uniform, though 
it may by an accident be diminished, or in some way changed, 
through one or more of the principal arteries. f The transit of the 
large arteries through bone, especially the carotid, canal of the 
temporal bone, may prevent any undue distension ^ and uniformity 
of supply is further ensured by the arrangement of the vessels in 
the pia mater, in which, previous to their distribution to the sub¬ 
stance of the brain, the large arteries break up and divide into 
innumerable minute branches ending in capillaries, which, after 
frequent communication with one another, enter the brain, and 
carry into nearly every part of it uniform and equable streams of 
blood. I The arteries are also enveloped in a special lymphatic 
sheath. The arrangement of the veins within the cranium is also 
peculiar. The large venous trunks or sinuses are formed so as to 
be scarcely capable of change of size ; and composed, as they are, 
of the tough tissue of the dura mater, and, in some instances, 
bounded on one side by the bony cranium, they are not compres¬ 
sible by any force which the fulness of the arteries might exercise 
through the substance of the brain ; nor do they admit of disten¬ 
sion when the flow of venous blood from the brain is obstructed. 

The general uniformity in the supply of blood to the brain, 
which is thus secured, is well adapted, not only to its functions, 
but also to its condition as a mass of nearly incompressible sub¬ 
stance placed in a cavity with unyielding walls. A very small 
amount of artificial compression of the brain is fatal. These 
conditions of the brain and skull formerly appeared, indeed, enough 
to justify the opinion that the quantity of blood in the brain must 
be at all times the same. But it was found that in animals bled 
to death, without any aperture being made in the cranium, the 
brain became pale and anaemic like other parts. And in death 
from strangling or drowning, there was congestion of the cerebral 
vessels ; • while in death by prussic acid, the quantity of blood in 
the cavity of the cranium was determined by the position in 
which the animal was placed after death, the cerebral vessels 
being congested when the animal was suspended with its head 
downwards, and comparatively empty when the animal was kept 
suspended by the ears. Thus, it was concluded, although the 
total volume of the contents of the cranium is probably nearly 
always the same, yet the quantify of blood in it is liable to 
variation, its increase or diminution being accompanied bv a 

mcrea ae in the quantity of the cerehro- 
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one part of the brain and spinal co rd to another T and of being 
rapidly absbrbed > artd as readily effused*, would, serve aa.aJdnd.of 
HuppIernentaTfluid to the other contents of the cranium, to keep 
it uniformly filled in case of variations in their quantity. And 
there can be no doubt that, although the arrangements of the 
blood-vessels, -to which reference has beeh made, ensure to the 
brain an amount of blood which is tolerably uniform, yet, inas¬ 
much as with every beat of the heart and every act of respiration, 
and under many other circumstances, the quantity of blood in 
the cavity of the cranium is constantly varying, it is plain that, 
were there not provision made for the possible displacement of 
some of the contents of the unyielding bony case in which the 
brain is contained, there would be often alternations of excessive 
pressure with insufficient supply of blood. 

In Erectile Structures. —The instances of greatest variation in 
the quantity of blood contained, at different times, in the same 
organs, are found in certain structures which, under ordinary cir¬ 
cumstances, are soft and flaccid, but, at certain times, receive an 
unusually large quantity of blood, become distended and swollen 
by it, and pass into the state which has been termed erection. 
Such structures are the corpora cavernosa and corpus spongiosum 
of the penis in the male, and the clitoris in the female; and, to 
a less degree, the nipple of the mammary gland in both sexes. 
The corpus cavernosum penis, which is the best example of an 
erectile structure, has an external fibrous membrane or sheath; 
and from the inner surface of the latter are prolonged numerous 
fine lamella) which divide its cavity into small compartments. 
Within these is situated the plexus of veins upon which the 
peculiar erectile property of the organ mainly depends. It con¬ 
sists of short veins which very closely interlace and anastomose 
with each other in all directions, and admit of great variations of 
size, collapsing in the passive state of the organ, but capable of 
an amount of dilatation which exceeds beyond comparison that of 
the arteries and veins which convey the blood to and from them. 
The strong fibrous tissue lying in the intervals of the venous 
plexuses, and the external fibrous membrane or sheath with which 
it. is connected, limit the distension of the vessels, and during the 
state of erection, give to the penis its condition of tension and 
firmness. The same general condition of vessels exists in the 
corpus spongiosum urethrae, but around the urethra the fibrous 
tissue is much weaker than .around the body of the penis, and 
around the. glans there i§ none. The venous blood is returned 
from the plexuses by comparatively small veins. For all these 
veins one condition is the same j namely, that they are liable to 
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the pressure of muscles when they leave the penis. The muscles 
chiefly concerned in this action are the erector penis and accelerator 
urinse. Erection results from the distension of the venous plexuses 
with blood. The princi pal e xciting cause i n the erection n fjhe pe nis 
is nervous irritation, originating in th§4iai:t -itself, or derive d fr om 
tEe brain and spinal cord. Tier-yens infl uence is comm unicated 

to the penSTby the pudic'nerves. which ram ifvinjts ypseniaTTisHMe^ 
and after their division the penis is no longer capable of erection. 

Erection is not complete, nor maintained for any time except 
when, together with the influx of blood, the muscles mentioned 
contract, and by compressing the veins, stop the efflux of blood, 
or prevent it from being as great as the influx. 

The circulation in the Lungs, Liver, Spleen and Kidneys will be 
described under their respective heads. 

Blood-pressure. 

The circulation, of the blood depends, on the existence of 
different pressure in..different parts of the circulatory system : 



there is a diminution of pressure from the heart onwards through 
arteries, capillaries, and veins, back to the heart again. 

Fig. 411 represents roughly the fall of pressure along the 
vascular system. 

It falls slowly in the great arteries; at the end of the arterial 
system it falls suddenly and extensively just beyond the resistance 
of the arterioles ; it again falls gradually through the capillaries 
and veins till in the large veins near the heart it is negative. 
A curve of blood-pressure is thus very different from one of 
velocity ; the velocity like the pressure falls from the arteries to 
the capillaries, but unlike it, rises again in the veins. 

We must now study the methods by w hich blood-pressure is 
measured and recorded, 
variations.;in- its a mount. 2 
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In order to do this in the simplest way, it will be first neces¬ 
sary to examine how we may measure pressure in an artificial 
schema of the circulation. 

Take the simplest possible case of a fluid flowing from a 
reservoir, R (fig. 412), along a tube, which we will imagine is 
open at the other end. 

In the course of the tube we will suppose three upright glass 
tribes (A, B, and D) are inserted at equal distances. Between 
B and D there is a bladder, which may be divided into a number 
of channels by packing it with tow to represent the capillaries, 


R 



Fig. 412.—Schema to illustrate blood-pressure. 


and between B and C a clip which can be tightened or loosened at 
will, and which will roughly represent the peripheral resistance pro¬ 
duced by the constricted arterioles. The far end of the tube is pro¬ 
vided with a stop-cock. If this stop-cock is closed there will naturally 
be no flow of fluid, and the fluid will rise to an equal height indi¬ 
cated by the dotted line in all the upright tubes. This shows that 
the pressure in all parts of the tube is the same. The upright tubes 
which measure the lateral pressure exerted by the fluid on the wall 
of the main tube are called manometers or pressure measurers. 
The lateral pressure of a fluid is e q™ a1 |fi 

If now the stop-cock is opened, the fluid flows on account of 
the difference of pressure brqught by gravitation; the height of 
the fluid in the manometers indicates that the pressure is greatest 
in^ % less in A, less still in B, and least of all in D. 

"Oh account of the peripheral resistance of the arterioles and 
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capillaries, the pressure is very small in the veins as indicated by 
the height of the fluid in the manometer D. The difference 
between D and B is much more marked than the difference 
between B and A. If the fluid which flows out of the end of the 
tube is collected in a jug and poured back into R we complete 
the circulation. But the schema is an extremely rough one ; and 
is especially faulty in that the pressure which starts at R is nearly 
constant and not intermittent. This may be remedied by taking 
R in the hand, and raising and lowering it alternately. The 
pressure in the manometers bobs up and down with every rise and 
fall of R : this is least marked in D. The greater and the faster 
jthe movement of R, the greater is the rise of arterial pressure. 
“This is a rough illustration of the fact t hat increase in the fo rce 
and frequency of the heart’s beat c anary ». rise nf n.rtftria.1 pressure 

Again, if more fluid is pouredinto R, there is a corresponding 
rise in fluid in the manometers. This illustrates the rise of pressure 
produced by an i ncre ase in the contents of the vascular system. 

" And this schema^'irough'''"'tEough it is," also serves to illustrate 
the third important factor in the maintenance of the blood- 
pressure, namely, the peripheral r&sistance. This is done by means 
of the clip E; if the clip is tightened, one imitates increased 
constriction of the arterioles; if it is loosened, one imitates dilata¬ 
tion of the arterioles. If it is closed entirely, the fluid in A and 
B rises to the same level as that in R; the pressure of R is not 
felt at all by C and D, which empty themselves, and the flow 
ceases. If the clip E is only tightened so as not to be quite 
closed, the arte rial pressur e (in A and B) rises, a nd the venous 
pressure-falls; if the clip is freely opened, t he arte rial-pressure 
falls, and th e venous pressure rises. 

These same facts can bo demonstrated by a more perfect cir¬ 
culation schema such as is represented in the next diagram. 

The heart (H) is represented by a Higginson’s syringe, which is 
worked with the hand; the tube from it represents the arterial 
syste^, to the clip E the resistance of the arterioles; C is the 
capillary lake, from which the vein (larger than the artery) leads 
back To the reservoir from which H pumps the fluid. A and B 
are two manometers which respectively indicate arterial and 
venous pressures. Only in place of using straight tubes, mercurial 
manometers are used instead. Each of these is a U-tube about 
half filled with mercury, and united to the artery or vein by a 
tube containing fluid. If the mercury in the two limbs of the 
U is at the same level, the pressure of the fluid in connection with 
one limb is exactly equal to the atmospheric pressure. ‘ The 
mercury, however, is pushed up in the far limb of the manometer 
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connected to the artery, the pressure there being greater than 
that of the atmosphere; this is therefore called positive pressure, 
and the total amount of pressure, usually measured in millimetres, 
is the difference between the levels a and a. The manometer 
B attached to the vein, however, indicates a negative pressure 
(b b r ), that is, a pressure less than that of the atmosphere, so that 
the mercury in the limb nearest the vein is sucked up. 

Anderson Stuart’s sphygmoscope (fig. 414) is a much more 
complete schema. It consists of a long leaden tube filled with 
fluid, the two ends of which are connected by an india-rubber 
tube on which is a valved syyinge to represent the heart. On 



the course of the tube are a large number of open-mouthed 
upright manometers which indicate the pressure when the syringe 
is worked, and confer on the tube, the necessary elasticity which 
causes the disappearance of the pulse in the middle region which 
represents the capillaries. The long leaden tube is twisted round 
a cylinder so that the manometers are placed closely side by side. 

We can now pass on to the methods adopted in the investig a¬ 
t ions of blood-pressure in anima ls. 

'The fact that the blood exerts considerable pressure on the arterial 
walls may be readily shown by puncturing any artery; the blood is 
propelled with great force through the opening, and the jet rises to a 
considerable height; in the case of a small artery, where the pres¬ 
sure is lower, the jet is not so high as in a large artery : the jerky 
character of the outflow due to the intermittent action of the heart 
is also seen. If a vein is similarly injured, the blood is expelled 
with much less force and the flow is continuous, not intermittent. 
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The first to make an advanoe on this very rough method of 
demonstrating blood-pressure was the Rev. Stephen Hales , Vicar 
of Teddington (1727). He inserted, using a goosfe-quill as a 
cannula, a glass tube at right angles to the femoral artery of a 
horse, and noted the height to which the blood rose in it. This 
is a method like that we used in the first schema we described. 
The blood rose to the height of about 8 feet, and having reached 
its highest point, it oscillated with the heart-be ats, and also wi th 
the respiration ; each inspiration causing a rise, each expiration a 



Fig. 414.—Anderson Stuart’s Sphygmoseope. 


fall of prcsKiirft ; each cardiau A v stol e causimr a smaller.rise, each 
diastole a smaller falh The method taught Hales these primary 
truths in connection with arterial pressure, but it possesses many 
disadvantages; in the first place the blood in the glass tube very 
soon clots, and in the second place, a column of liquid eight feet 
high is an inconvenient one to work with. 

The first of these disadvantages was overcome to a great extent 
by Vierord t, who attached a tube §lled with saturated solution of 
sodium 'Mirnonate to the artery, and the blood-pressure was 
measured by the height of the column of this saline solution 
which the blood would support. 
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The second disadvantage was overcome by Poiseuille, who 
introduced the heavy liquid mercury as the substance on which 
the blood excited its pressure ; and the U-shaped mercurial 
manometer was connected to the artery by a tube filled with 
sodium carbonate solution to delay clotting. 

The study of blood-pressure cannot, however, be considered to 
have been in a satisfactory condition until the introduction by 
Carl Ludwig of the Kymograph; that is to say, Poiseuille’s hcemo- 
<lynamorneter was combined with apparatus for obtaining a graphic- 




Fig. 415.—Diagram of mercurial kymograph. 


record of the oscillations of the mercury. The name kymograph 
or ivave-ivriter we shall see immediately is a very suitable one. 

A skeleton sketch of the apparatus is given in fig. 415. 

The artery is exposed and clipped, so that no haemorrhage 
occurs; it is then opened and a glass cannula inserted and firmly 
tied in. The form of cannula usually employed (Francois Franck’s) 
is shown on a larger scale at A ; the narrow part with the neck in 
it, is tied into the artery towards the heart; the cross piece of 
the T is united to the manometer, the third limb is closed by a 
short piece of india-rubber tuning which is kept closed by a clip; 
and only opened on emergencies, such as to clear out a clot with 
a feather should one form in the cannula during the progress of an 
experiment. 
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The tube by means of which the cannula is united to the 
manometer is not an elastic one, but is made of flexible metal, so 
that none of the arterial force may be wasted in expanding it. 
The tube, cannula and proximal limb of the manometer are 
all filled with a saturated solution of sodium carbonate, sodium 
sulphate, or other salt which will mix with blood and delay its 
clotting. Before the clip is removed from the artery, the pressure 
is first got up by a syringe (or pressure bottle containing the 
same saline solution suspended at a good height above the 



Pig. 416.—The Manometer of Ludwig's Kymograph. It is also shown in fig. 417, i>, c, r. 
The mercury which partially fills the tube supports n float in form of a piston, nearly 
filling the tube; a wire is fixed to the float, and the writing style or pen is guided by 
passing through the brass cap of the tube fixed to the wire; the pressure is communi¬ 
cated to the mercury by means of a flexible metal tube filled with fluid. 

apparatus and connected to it by a tube), so that the mercury 
rises in the distal limb to a height greater than that of t.lu> 
anticipated blood-pressure; this prevents blood passing into the 
cannula when the arterial clip is removed. 

In the distal limb of the U-tube, floating on the surface of the 
mercury, is an ivory float, from which a long steel wire extends 
upwards, and terminates in a writing point. The writing point 
may be a stiff piece of parchment or a bristle which writes on a 
moving surface covered with smgked paper, or a small brush 
kept full of ink which writes on a long roll of white paper also 
made to travel by clockwork in front of it. When the two limbs 
of the mercury are at rest, the writing point inscribes a base line or 
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abscissa on the travelling surface ; when the pressure is got up by 
the syringe it writes a line at a higher level. When the arterial 
clip is removed it writes waves as shown in the diagram (fig. 415), 
the large waves corresponding to respiration (the rise of pressure 
in most animals accompanying inspiration),* the smaller ones to the 
individual heart-beats. The blood-pressure is really twice as great 
as that indicated by the height of the tracing above the abscissa, 



Fig. 417.—Diagram of mercurial kymograph, a, revolving cylinder, worked by a clock¬ 
work arrangement contained in the box (b), the speed Ming regulated by a fan above 
the box; cylinder supported by an upright (6), and capable of being raised or lowered 
by a screw (a), by a handle attached to it; d, o, e, represent mercurial manometer, a 
somewhat different form of which is shown in next figure. 

because if the manometer is of equal bore throughout, the mercury 
falls in one limb the same distance that it rises in the other; the 
true pressure being the difference of level between a and a'(fig. 415). 

Fig. 416 shows a more complete view of the manometer, and 
fig. 417 is a diagram of the arrangement by means of which it is 
made into a kymograph. * 

* The explanation of the respiratory curves on the tracing is postponed 
till after we have studied Respiration. 
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Fig. 418 shows atypical normal arterial blood-pressure tracing 
on a larger scale. 

In taking a tracing of ve nous blood-press ure, the pressure is 
so low and corresponds to so few millimetres of mercury, that a 



Fig. 418.—Normal tracing of arterial pressure in,the rabbit obtained with the^mercurial 
kymograph. The smaller undulations correspond with the heart-beats,,,the larger 
curves with the respiratory movements. (Burdon-Sanderson.) 


anlutirua i a usually employed instead of mercury. If the 
vein which is investigated is near the heart, a venous pulse 
is exhibited on the tracing, with small waves as before corre- 



Fig. 419.—A form of Fick’s Spring Kymograph. «, tube to be connected with artery; r, 
hollow spring, the movement of which moves b, the writing lever; e, screw to regulate 
height of b; (l, outside protective spring; g, screw to fix on the upright of the support. 

sponding to heart-beats, and larger waves to respiration, only 
the respiratory rise in pressure now accompanies expiration 
(seep. 451). 
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The c apillary pr essure is estimated by the amount of pressure 
necessary to bfanch the skin ; this has been done in animals and 
men (v. Kries, Roy and Brown). 

Other manometers are often employed instead of the mercurial 
one. Fick’s is one of these. The vessel is connected as before 
with the manometer, and the pressure got up by the use of a 
syringe (which is seen in fig. 420), before the clip is removed from 
the artery. The manometer itself is a hollow C-shaped spring 



Fig. 420.—Pick's Kymograph, improved by Hering (after McKendriek). «, hollow spring 
filled with alcohol, bearing lever arrangement h, ii, c, to which is attached the marker 
e ,; the rod c posses downwards into the tube /, containing castor oil, which offers 
resistance to the oscillations of <:; r/, syringe for filling the leaden tube t> with saturated 
sulphate of sodium solution, and to apply sufficient pressure as to prevent the blood 
from passing into the tube h at i, the cannula inserted into the vessel; !, abscissa- 
marker, which nan be applied to the moving surface by turning the screw m ; k, screw 
for adjusting the whole apparatus to the moving surface; o, screw for elevating or 
depressing by a rack-and-pmion movement the Kymograph; «, screw for adjusting the 
position of the tube/. 


filled with liquid ; this opens with increase, and closes with 
decrease of pressure, and the niovements of the spring are com¬ 
municated to a lever provided with a writing point. 

Hurthle’s manometer (see p. 420) is also very much used. The 
advantage of these forms of manometer is that the character of 
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each individual movement is much better seen ; in the case of a 
heavy liquid like mercury the inertia is so great that it cannot 
catch the finer movements which we have seen as secondary 
vibrations on the pulse wave. If Fick’s or Hurthle’s manometer 
is employed, and the surface travels sufficiently fast, these can be 
recorded (see fig. 421). 

We may now proceed to give some results. The following 
table gives the probable average height of blood-pressure in 
various parts of the vascular system in man. They have been 
very largely inferred from experiments on animals:— 
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Fig. 421.—Normal arterial tracing obtained with Fick’s Kymograph in the dog. 
(Burdon-Sanderson.) 
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These pressures are, however, subject to considerable variations ; 
the principal factors that cause variation are the following :— 

Increase of arterial blood-pressure is produced by 

1. Increase in the rate and power of the heart. 

2. Increase in the quantity of blood (plethora, after a meal, 
j after transfusion). 

1 3. Increase in the contraction of the arterioles. 

Decrease in the arterial blood-pressure is produced by 

1. Decrease in the rate and force“*bf the heart. 

2. Decrease in the quantity of blood (e.g. after haemorrhage). 

3. Decrease in the contraction of the arterioles. 

The above is true for general arterial pre ssure ; but if we are 
investigating local arterial pressure in any organ, the increase o r 
<lecreageJn_the size of 't he a rterioles of other areas may make its 
effect felt in the special area under investigation. 
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Venous pressure varies in the opposite way to arterial pressure, 
in so far as the first and third factors are concerned. Like 
arterial pressure 'it is increased by plethor a, diminished by ans emia. 
It is increased by a dec rease m the rate and force of the heart, 
and by a dilatati on of the -arterioles. It is diminished by the 
opposites. 

It is quite easy to understand how this is; when the 
heart beats with increased force, it naturally raises the pressure 
in the arteries; but an increase during systole in the force 


BE 
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Pig. 422.—Effect of weak stimulation of vagus on arterial blood-pressure, bp, blood- 
pressure ; a, abscissa or base line; t, time in seconds. Note udl of blood-pressure 
and slow heart beats. 

of propulsion into the arteries means an increase also during 
diastole in the force of suction upon the venous blood, that is, a 
reduction of the pressure there; it becomes more negative than 
it usually is. 

With regard to the arterioles, contraction in the arterioles 
means a rise in pressure in the arteries, just as narrowing the 
doors of a theatre during the exit of the audience will increase 
the pressure behind the doors; but a contraction of the arterioles 
causes a fall in pressure in the capillaries and veins beyond 
them, just as the narrowing of the theatre doors will lessen 
the congestion in the street outside of them. 

K.P. 


H H 








466 THE CIECULATION IN THE BLOOD-VESSELS. [OH. XXXVI. 

Capillary pressure is increased by - 

1. Dilatation of the arterioles; the blood-pressure of the large- 
arteries is then more readily propagated into them. 

2. The size of the arterioles remaining the same, increase of 
arterial pressure from any other cause will produce a rise of 
capillary pressure. 

3. By narrowing the veins leading from the capillary area ; 
complete olosure of the veins may quadruple the capillary pressure. 
This leads secondarily to an increased formation of lymph (dropsy); 



Hgf. 423.—Effect of Stroup- stimulation of vagus on arterial blood-pressure. Note stoppage 
of heart and fall of blood-pressure nearly to zero; after the recommencement of the 
heart, the blood-pressure rises, as in fig. 422, above tbe normal for a short time. 


it is seen in the pressure of a tumour on the veins coming from 
the legs. 

4. Any circumstance that leads to increased pressure in the 
veins will act similarly; this is illustrated by' the effects pro¬ 
duced by gravity in the circulation as in alterations of posture. 

Capillary pressure is decreased by the opposite conditions. 

The pressure in the Pulmonary Circulation, is roughly about one- 
third of what it is in the systemic vessels. 

The i nfluence of the Cardiac Vagus on blood-pres sure. The 
importance of the heart’s action in the maintenance of blood- 
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pressure is well shown by the effect that stimulation of the vagus 
nerve has on the blood-pressure curve. If the vagus of an 
animal is exposed and cut through, and the peripheral end 
stimulated, the result is that the heart is slowed or stopped; 
the ar terial blood-pressure falls simultaneously .: the fall being 
especially sudden and great If the "heart is completely stopped.. 
There is a rise in venous pressure. The effect on arterial pressure 
is shown in the two accompanying tracings; 'fig. 422 representing 
the effect of partial, and fig. 423 of complete stoppage of the 
heart; in both cases the animal used was a rabbit, and the, artery 
the carotid. 

The effects of stimulating the central end of the vagus and 
other nerves cannot be understood until we have studied the 
vaso-motor nervous system, to the consideration of which we 
now pass. 

The Vaso-motor Nervous Svstein. 

The vaso-motor nervous system consists of the va^motor centre 
of certain subsidiary vaso-motor centres in 
the spinalcord, and of vaso-motor nerves, which are of two kinds, 
—(a) those the stimulation of which causes constriction of....the 
vessels; these are called vasoconstrictor nerves; (b) those the 
stimulation of which causes dilatation of the vessels; these are 
called vasodilatator nerves. 

The following names are associated with the history of the 
subject. The muscular structure of arteries was first described 
by Henle in 1841 ; in a 85 2 Brown Sequard made a study of the 
vaso-eonstrictor, or, as he termed them, tonic nerves. The vaso¬ 
motor centre was discovered by Schiff (1855), and more accurately 
localised by Ludwig (1871). The dilatator nerves were also 
discovered by Schiff 3 at first they were termed paretic nerves. 
Other names which must be mentioned in connection with the 
subject are those of Claude Bernard, Heidenhain, and in more 
recent years, Gaskell, Langley, and Ramon y Cajal. 

The nerves supply the muscular tissue in the walls of the blood¬ 
vessels and regulate their calibre, but exert their most important 
action in the vessels which contain relatively the greatest amount 
°f muscular tissue, namely, the small arteries or arterioles.- 

Under ordinary circumstances, the arterioles are maintained in- 
a state of moderate or tonic contraction, and this constitutes the- 
peripheral resistance, t he use o£ which is to keep up the arter ial 
press ure which must be high in order t o force the blood in a 
continuous stream through the capillaries and veins back to the 
heart.'...®- - ----—-~. 
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Another function which is served by this muscular tissue is to, 
regulate the amount of blood which flows through the capillaries! 
of any organ in proportion to its needs. During digestion, for 
instance, it is necessary that the digestive organs should be 
supplied with a large quantity of blood; for this purpose the 
arterioles of the splanchnic area are relaxed, and there is a 
vast amount of blood in this area, and therefore a correspond¬ 
ingly small amount in other areas, such as the skin; this 
accounts for the sensation of chilliness experienced after a full 
meal. ^ The skin vessels form another good example; one of 
the most important uses of the skin is to get rid of the heat 
of the body in such a way that the body temperature remains 
constant; when excess of heat is produced there is also an 
increase in the loss of heat; the skin vessels are then dilated 
and so more blood is exposed on the surface, and thus increase 
in the radiation of heat from the surface is brought about. On 
the other hand, when it is necessary that the heat produced 
should be kept in the body, the loss of heat is diminished by a 
constriction of the skin vessels, as in cold weather. The altera¬ 
tions of the calibre of the vessels is brought about by the action 
of the vaso-motor nervous system on the muscular tissue of the 
arterioles. 

There are certain organs of the body in which the necessity for 
alterations in their blood supply does not exist. Such organs are 
the lungs and the brain. It is in the vessels of these organs that 
ithe influence of vaso-m olxu:.--imrze s is a t a minimum. The] 
pulmonary vessels are supplied by nerves, which have been 
discovered by stimulating certain nerve-roots in the upper thoraci c. 
region; but the existence of vaso-motor nerves iiT the case of the 
brain has been denied altogether; at any rate they have still to 
be*discovered. 

The vaso-moto r centre lies in the grey matter of the floor of th e; 
f ourth vent ricle; it is a few rmllTmetres in length reaching from: 
the upper part of the floor to within about 4 mm. of the calamus 
scriptorius. The position of this centre has been discovered by 
the following means ; when it is destroyed the tone of the small 
vessels is no longer kept up, and in consequence there is a great 
and universal fall in arterial blood-pressure; when it is stimulated 
there is an increase in the constriction of the arterioles all over 
the body, and therefore a rise of blood-pressure. Its upper and 
lower limits have been accurately determined in the following 
way; a series of animals- is taken and the central nervous system 
divided in a different place in each ; the cerebrum and oerebellum 
may be cut off without affecting blood-presBure, the vaso-motor 
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centre must therefore be below these; if the section is made just 
above the medulla, the blood-pressure still remains high, and it 
is not till the upper limit of the centre is passed that the blood- 
pressure falls. Similarly in another series of animals, if the 
cervical cord is cut through, and the animal kept alive by 
artificial respiration, there is an enormous fall, of pressure due to 
the influence _ of t he centre being removed from the vessel s; in 
other experiments the section is made higher and higher, and the 
same result noted, until at last the lower limit of the centre is 
passed, and the fall of pressure is less and less marked the higher 
one goes there, until in the animal in which the section is made 
at the upp er boundary.-of the centre, the blood-pressure is not 
affected at all, and the centre can be influenced reflexly by the 
stimulation of afferent nerves, the pressor and depressor nerves, 
which we shall be considering immediately. 

After the destruction of the vaso-motor centre in the bulb,; 
there is a fall of pressure. If the animal is kept alive, the 
vessels after a time recover their tone, and the arterial pressures 
rises; this is due to the existence, of subsid iary vaso -motor 
centres in the spinal cord; for on the subsequent destruction of 
the spinal cord the vessels again lose their tone and the blood- 
pressure sinks. 1 

We owe a good deal of our knowledge concerning the distribu¬ 
tion of the vaso-motor nerves to Dr. Gaskell, whose researches 
may be summarized as follows :— ' ~ 

The vaso-motor nerves travel dow n the lateral 
spinal poydr and term inate by 'arborising ..ground the .'cells of the 
grey matter of the'^suBsiomry...vaso-motor. centres, the exac£., 
•anatomica l position of which is uncertain. From these eells 
fresh axis-cylinder processes originate which pass out as the 
small meduUated nerve-fibres in the anterior roots of the spinal 
nerves. 

The vaso-constrictor nerves for the whole body leave the spinal 
cord by the anterior roots of the spinal nerves from the second 
thoracic to the second lumbar both inclusive. They leave the , 
roots by the white rami communicantes and pass into the ganglia 
of the sympathetic chain which lies on each side along the front 
of the vertebral column. The ganglia on this chain (the lateral 
gangj ia of Gask ell) may also be called the c hain o f vaso-motor 
g anglia! because here are situated cell stations on the course of 
the vaso-constrictor nerves. That is to say, the small medullated 
nerve-fibres terminate by arborising around the cells of these 
ganglia, and .a fresh relay of axis-cylinder processes from these 
cells carries on .the impulses. 
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The following figure represents diagrammatically how this 
occurs. The sheaths of the fibres are not represented. 

The bell station of any particular fibre is not necessarily 
situated in the first ganglion to which it passes : the fibres of the 
white ramus communicans of the second thoracic do not for 
instance all have their cell stations in the second thoracic ganglion, 



Hg. 4*4 .—Transverse section through halt the spinal card, showing the ganglia. A, ante¬ 
rior cornual cells; B, axis cylinder process of one of these going to posterior root; C, 
anterior (motor) root; D, posterior (sensory) loot; E, spinal ganglion or posterior 
root; F, sympathetic ganglion; G. ramus communicans; H, posterior branch of spinal 
nerve; I, anterior branch of spinal nerve; a, long collaterals from posterior root fibres 
reaching to anterior horn; b, short collaterals passing to Clarke’s column; c, cell in 
Clarke’s column sending an axis cylinder (d) process to the direct cerebellar tract; 
e, fibre of the anterior root; f, axis cylinder from sympathetic ganglion cell, dividing 
into two branches, one to the periphery, the other towards the eord; g, fibre of the 
anterior root terminating by an arborisation in the sympathetic ganglion; h, sympa¬ 
thetic fibre passing to periphery. 


but may pass upwards or downwards in the chain to a more or less 
distant ganglion before they terminate by arborising around a cell 
or cells. 

The vaso-constrictor nerves, however, have all cell stations 
somewhere in the lateral or sympathetic chain, and the new axis- 
cylinders that arise from the cells of the ganglia differ from those 
which terminate there in the circum s tance that they never 
acquire a medullary sheath, but they are pale, grey or non- 
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medullated fibres. Those which are destined for the supply of 
the vessels of-the head and neck pass into the ganglion stellatum 
or first thoracic ganglion, from here through the annulus of 
Yieussens to the inferior cervical ganglion, and thence along the 
sympathetic trunk to their destination. 

Those for the body wall and limbs pass back from the sympa¬ 
thetic ganglia to the spinal nerves by the grey rami communi- 
cantes, and are distributed with the other spinal nerve-fibres. 

Those for the interior of the body pass into the various 
plexuses of sympathetic nerves in the thorax and abdomen and 
are distributed to the vessels of the thoracic and abdominal 
viscera. This set includes the most important vaso-motor nerves 
of the body, the aplanchni cs. 

The vaso-dilatator nerves in part accompany those first 
described, but they are not limited to the outflow from the 
second thoracic to the second lumbar. Thus the nervi erjgentes 
originate as white rami communicantes from the second-and 
third.. aacraj... nerves, and the chorda tympani, another good 
example of a vaso-dilatator nerve, is a branch of the seventh 
cranial nerve. 

The vaso-dilatator nerves also differ from the vaso-constrictor®' 
oy not communicating with cell stations in the sympathetic chain f 
they pass through these ganglia, retaining their medullary sheath, 
and have their cell stations in the collateral ganglia (such as the 
semilunar) or in the terminal ganglia on the walls of the blood¬ 
vessels themselves. 

These vaso-motor nerves, whether they are constrictor or 
dilatator, differ very markedly from the spinal nerve-fibres which 
are distributed to voluntary muscles in being gangl ion ated; that 
is hav ing ce ll statio ns or positions of relay on their course to the 
muscuhu^fibres-they^ supply. 

The existence of cell stations between the central nervous 
system and the muscular fibres is. not confined to the nerves of 
blood-vessels, but is found also in the nerves which supply the 
heart, and other viscera. 

W[oceo3mc»_the nerves which supply the voluntary muscles-are 
motor in function; inhibitory fibres €0 the voluntary muscles of 
vertebrates do not exist. But in the case of the involuntary 
muscles there are usually two sets of nerve-fibres with opposite 
functions. 

In the case of the heart,* we have an accelerator set, which 
oourse through the sympathetic, and an inhibitory set which 
fifourse through the spinal accessory and vagus. 

In the ease of the vessels, we have an accelerator set, whioh we 
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have hitherto called vaso-constrict ors, and an inhibitory set we 
have been calling vaso-dilatators. ' ~”“ 

In the case of the other contractile viscera, we have also viscero- 
accelerator and viscero-inhibitory which res pectively hasten and 
lessen their peristaltic m oveme nts. ~ - 

Adopting Haskell's nomenclature we may further term the 
acce lerator groups of nerves, J$a±aL alic as they increase the activity 
of the muscles they supply, bringing about an increase of wear 
and tear, and an increase.itt Ihe discharge of waste material. 
The in h i b itory ner ves o n the othe r li a n d~are a nabolic fth they 
produce a condition of rest m the tissues they"~sTrppiy, and so an 
opportunity for repair or constructive metabolism. 

In all cases the medullary sheath of the katabolic nerves is lost 
in cell stations situated near the origin of the nerves from the 
central nervous system; the medullary sheath of the anabolic 
nerves is lost in cell stations near their terminations. 

" Langley has more recently investigated the distribution of 
sympathetic nerves by another method, and has published his 
researches in a number of very complete articles. We have only 
space.here to describe his method, the results being largely of ah 
anatomical kind. He finds that Gaskell’s histological test (the 
loss of the medullary sheath) is by no means an absolutely trust¬ 
worthy one, as to the situation of the cell station on the course 
of a sympathetic fibre. But he employs a physiological test. 
Nicotine in certain doses paralyses nerve cells, but not nerve- 
fibres ; if this alkaloid is injected into an animal, stimulation of 
the anterior nerve-roots produces no movements of the involun¬ 
tary muscles, as the paralyzed nerve stations on the course of the 
nerve-fibres act as blocks in the propagation of the impulse. If 
the nicotine is applied locally by painting it over one or more 
ganglia, there will only be a block in those fibres which have 
their cell stations in those particular ganglia. We shall come to 
a definite instance of the usefulness of this method in connection 
with the nerves and ganglia of the submaxillary gland. 

We may now ask what is the Qbjggt that is served by the existence of 
ganglia on the coarse of these nervesfit appears to be a means of distri¬ 
buting nerve-fibres to a vast area of muscular tissue by means of a com¬ 
paratively small number of nerve-fibres that leave the central nervous 
system ; for each fibre that leaves the central nervous system arborises 
around a number of cells, and thus the impulse it carries is transferred to a 
number of new axis-cylinder processes. 

In some cases, it is true, a single nerve-fibre will divide into multitudin¬ 
ous branches to accomplish the same object (as in the supply of the electric 
organ of Malaptemrus, the fibres to the millions of its sub-divisions all 
originating from a single axis-cylinder), but the usual way appears to be a 
combination of this method with that of subsidiary cell-stations. 
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At one time a ganglion was supposed to be the seat of reflex action. The 
submaxillary ganglion was the battle-field in which this question was 
fought out. In all the researches of Langley and Anderson, who have 
investigated every ganglion in the body, they have never found that a 
ganglion is the seat of a reflex action. The only instances where such a 
thing seemed possible was the following:—When all the nervous connec¬ 
tions of the inferior mesenteric ganglion are divided except the hypogastric 
nerves, stimulation of the central end of one hypogastric causes contraction 
of the bladder, the efferent path to which is the other hypogastric nerve. 
In addition they observed an apparent reflex excitation of the nerve sup¬ 
plying the erector muscles of ti»e hairs (pilo-motor nerves) through other 
sympathetic ganglia. . In neither case is the action truly reflex, but is 
caused by the stimulation of the central ends of motor fibres which issue 
from the spinal cord, and which, after passing through the ganglion send 
branches down each hypogastric nerve. 

We can now pass from these anatomical considerations to the 
experiments which have been performed in connection with the 
vaso-motor nerves and their centre. 

The vaso-motor centre can be e xcite d directly as by 
induction currents; the result is an increase of blood-pressure 
owing to an increase produced in the contraction of the peripheral 
arterioles. 

It can also be excited by the action of poisons in the blood 
which circulates through it; thus strophafithus or digitalis 
causes a marked rise of general arterial pressure due to the con¬ 
striction of the peripheral vessels brought about by impulses from 
the centre. 

It is also e xcite cLky yeutiRg. blood, as. in asphyxia ; the rise of 
blood-pressure which occurs during the first part of asphyxia 
is due to constriction of peripheral vessels; the fall during 
the last stage of asphyxia is largely due to heart failure. We 
shall study asphyxia more at length in connection with re¬ 
spiration. During the period of increased pressure, waves are 
often observed on the blood-pressure curve which arise from 
a slow rhythmic action of the vaso-motor centre. The centre 
alternately sends out stronger and weaker constrictor impulses. 
They are known as the Tra yhe-Hering waves an d are much 
slower in their rhythm than the waves on the curve which are 
due to respiration. They are not peculiar to asphyxia, but 
are frequently seen in tracings from normal animals. Fig. 425 
represents tracings obtained from a dog under the influence of 
morphia and curare. The upper curve taken while artificial 
respiration was being carried on shows the three sets of waves, 
first the oscillations due to the heart beats, next in size those 
due to the respiratory movements, which in their turn are 
superposed on the prolonged Traube-Hering curves. The lower 
curve was taken immediately after the cessation of the artificial 
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respiration and Bhows only the heart beats and the Traube-Hermg 
waves. 

The Vaso-motor centre may be excited. reflexLy . The 

afferent impulses to the vaso-motor centre may be~ 3 Tvided ijjto 
pressoranddepresspr. 

All sensory nerves are pressor nerves. The sciatic or the vagus 
nerves may be taken as instances; when jfch£gL.ara- divided and 
their central ends stimulated, the result is a rise of blood-pressu re 
due to the stimulation of the vaso-motor centre, and a consequent 
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Fig. 425.—Arterial blood-pressure tracings show ing Traube-Hering curves. (Starling.) 

constriction of the arterioles, especially in the splanchnic area. 
Fig. 426 shows the result of such an experiment. It is convenient 
in performing such an experiment to administer curare as well as 
an anaesthetic to the animal, in order to obviate reflex muscular 
struggles. 

In addition to the general rise of arterial pressure there is vaso¬ 
dilatation in the area of distribution of the sensory nerve stimu¬ 
lated (Loven); this causes a swelling of the leg if the sciatic is 
the nerve experimented with. The purpose of such an arrange¬ 
ment is that where a limb is injured a good supply of blood is 
necessary for the process of repair; this is accomplished by (1) 
the rise of blood-pressure in the arterial system produced by the 
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stimulation of pressor fibres, and (2) the vascular dilatation in 
the limb itself. 

Depressor nerve .—In most animals the depressor fibres are f 
bound up in the trunk of the vagus, but in some, like the rabbit, ( 
cat and horse, the nerve runs up as a separate branch from the ; 
heart and joins the vagus or its superior laryngeal branch and 
ultimately reaches the vaso-motor centre. When this nerve is 
stimulated (the vagi having been previously divided to prevent 
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Fig. 426.—Result on arterial blood-pressure curve of stimulating the central end of cut 
sciatic nerve in rabbit, bp, blood-pressure; a, abscissa or base line; T, time in 
seconds; k, signal of period of excitation of the nerve. 


reflex inhibition of the heart), a marked fall of arterial blood-pres¬ 
sure is produced (see fig. 427). Stimulation of this nerve affects 
the vaso-motor centre in such a way that the n ormal constrictor 
impulses that pas s do wn the vaao-constrictQS-nfio& s are inhibited. 
The fall of pressure is very slight after section ofthe" spmnchmo 
nerves, showing that the splanchhic area is the part of the body 
most affected. The normal function of this nerve is. to adapt the 
heart’a action to the periphei|4.. resistanceif the constriction of 
the arterioles is too high for the heart to overcome, an impulse by 
this nerve to the vaso-motor centre produces reflexly a lessening 
of the peripheral resistance. 
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N.B.—The term depressor should be carefully distinguished from inhibi¬ 
tory ; stimulation of the peripheral end of the vagus produces a fall of 
blood-pressure due to inhibition (slowing or stoppage) of the heart (see 
figs. 422 and 423) ; stimulation of the central end of the depressor nerve 
produces a lowering of blood-pressure for a different reason, namely a 
reflex relaxation of the splanchnic arterioles. 

Experiments on Vaso-motor nerves.—The experiments on 
the vaso-motor nerves are similar to those performed on other 



1%. 427.—Tracing showing the effect on blood-pressure of stimulating the central end of 
the Depressor nerve in the rabbit. To be read from right to left. T, indicates the 
rate at which the recording-surface was travelling, the intervals correspond to seconds; 
C, the moment of entrance of current; O, moment at which it was shut off. The 
effect is some time in developing, and lasts after the current has been taken off. The 
larger undulations are the respiratory curves; the pulse oscillations are very small. 
(Foster.) 


nerves when one wishes to ascertain their functions. They consist 
of seetion and excitation. 

Section of a vaso-constrictor nerve such as the splanchn ic 
causes a loss of normal arterial tone, and consequently the part 
supplied by the nerve becomes flushed with blood. Stimulation 
of the peripheral end causes the vessels to constrict and the part 
to become comparatively pale and bloodless. This can be very 
readily demonstrated on the ear of the rabbit. This is a classical 
experiment associated with the name of Claude Bernard. Division 
of the c ervical sympatheti c produces an increased redness of the 
side of%he head, and looking at the ear, the transparency of which 
enables one to follow the phenomena easily, the central artery 
with its branches is seen to become larger, and many small 
branches not previously visible con\e into view. The ear feels 
hotter, though this effect soon passes off as the exposure of a large 
quantity of blood to the air causes a rapid loss of heat. On 
stimulating the peripheral end of the cut nerve, the eay resumes 
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its normal condition and then becomes paler than usual owing to 
excessive constriction of the vessels. 

The first part of the experiment, the dilatation following 
section, can be demonstrated in a very simple way, by pressing 
the thumb nail forcibly on the nerve where it lies by the side of 
the central artery of the ear. 

Section of a vaso-dilatator nerve such as the chorda tympgni 
produces no effect on the vessels, but stimulation of its peripheral 
end causes great enlargement of all the arterioles, so that the sub¬ 
maxillary gland and the neighbouring parts supplied by the nerve 
become red, and gorged withjblood, and the pulse is propagated 
through to the veins ; the circulation through the capillaries is so 
rapid that the blood loses very little of its oxygen, and is there¬ 
fore arterial in colour in the veins. Another effect, free secretion 
of saliva, we shall study in connection with that subject. 

Other examples of vaso-dilatator nerves are the n orvi er igentes 
t o the ere ctile_tissue oLthe penis, <fcc., and of the lingual nerve to 
the vessels of the ..tongue. 

It is, however, probable that all the vessels of the body receive 
both constrictor and dilatator nerves. But the presence of the 
latter is difficult to determine unless they are present in excess; 
if they are not, stimulation affects the constrictors most. The 
effect of section is also inconclusive ; for if a mixed, nerve Js .cut 
the only effect observed is a dilatation due to removal of the tonic 
constri ctor Influenc e. 

To solve this difficult problem, two methods are in use. 

1. The method of degeneration .—If the sciatic nerve is cut, the 
vessels of the limb dilate. This passes off in a. day or two. If 
the peripheral end of the nerve is then stimulated, the vessels are 
dilated, as the constrictor fibres d egen erate , .earliest, and so one 
gets a result due to the stimulation of the still intact dilatator 
fibres. 

2. The method of slowly interrupted shocks .—If a mixed nerve" 
is stimulated with the usual rapidly interrupted faradic current, 
the effact.ia.fiOftStriction; but if the induction shocks are sent in 
at_ 3 ong.-Jntnrvals (e.g. at intervals of a second), vaso-dilatator 
effects_arfi_nften obtained. This can be readily demonstrated on 
the kidney vessels by stimulation of the anterior root of the' tenth 
thoracic nerve in the two ways just indicated. 

The action of vaso-motor nerves can be studied in another 
way, than by the use of the mercurial or other forms of mano¬ 
meter, which is the only method we have considered so far. 
The second method, which is often used together with the 
manometer, consists in the use of an instrument which records 
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variations in the volume of any limb, or organ of an animal. 
Such an instrument is called a plethysmograph. One of 
these instruments applied to the human arm is shown in the 
next figure. 

Every time the arm expands with every heart’s systole, a little 
of the fluid in the plethysmograph is expelled and raises the 
lever. Variations in volume due to respiration are also seen in 
the tracing. 

The same instrument in a modified form applied to such organs 
as the spleen and kidney is. generally called an oncometer, and 


« 



Fig. 428.—PIothy sinograph. By means of this apparatus, the alteration in volume of the 
arm e, which is enclosed in a glass tube, a, filled with fluid, the opening through 
which it passes being firmly closed by a thick gutta-percha band, r, is communicated 
to the lever, n, and registered by a recording apparatus. The fluid in a communicates 
with that in n, the upper limit of which is above that in a. The chief alterations in 
volume are due to alteration in the blood contained in the arm. When the volume is 
increased, fluid passes out of the glass cylinder, and the lever, i>, also is raised, and 
when a decrease takes place the fluid returns again from a to a. It will therefore be 
evident that the apparatus is capable of recording alterations of blood-pressure in the 


the recording part of the apparatus, the oncograph. These 
instruments we owe to Prof. Roy, and the next two figures 
represent respectively sections of the kidney oncometer and 
oncograph. 

Each consists of a metal capsule, of shape suitable to enclose 
the organ : its two halves are jointed together, and fit accurately 
except at one opening which is left for the vessels of the organ. 
A delicate membrane is attached to the rim of each half, the 
space between which and the metal is filled with warm oil. The 
tube from the oncometer is connected to the oil-containing cavity 
by a tube also containing oil to the oncograph. An increase in 
the volume of the organ squeezes the oil out of the oncometer 
into the oncograph and so produces a rise of the oncograph 
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Fig 429—Diagram of Boy’s Oncometer, a, represents the kidney enclosed in a metal box, 
-which opens by hinge/; b, the renal vessels and duct. Surrounding the kidney are 
two chambers ‘formed by membranes, the edges of which are firmly fixed by being- 
clamped between the outside metal capsule, and one (not represented in the figure) 
inside, the two being firmly screwed together by screws at h, and below. The mem¬ 
branous chamber below is filled with a varying amount of warm oil, according to the 
size of the kidney experimented with, through the opening then closed with the plug 
i. After the kidney has been enclosed in the capsule, the membranous chamber 
above is filled with warm oil through the tube e, which is then closed by a tap (not 
represented in the diagram); the tube d communicates with a recording apparatus, 
and any alteration in the volume of the kidney is communicated by the oil in the tube 
to the chamber d of the Oncograph, fig. 430. 



Fig. 430.—Roy’s Oncograph, or apparatus for recording alterations in the volume of the 
kidney, &c„ as shown by the oncometer— a, upright, supporting recording lever l, which 
is raised or lowered by needle b, whiefl works through /, and which is attached to the 
piston e, working in the chamber d, with which the tube from the oncometer com¬ 
municates. The oil is prevented from being squeezed out as the piston descends by a 
membrane, which is damped between the ring-shaped surfaces of cylinder by the 
' screw i working upwards; the tube A is for filling the instrument. 
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piston and lever; a contraction of the organ produces a fall of 
the lever. 

Very good results are obtained by using saline solution instead 
of oil; and Prof. Schafer has recently shown in connection with 
the spleen that a spleen box of simple shape covered with a glaBs 
plate, made air-tight with vaseline, except where it communicates 
by a tube with a Marey’s tambour, gives a far more delicate record 
of the splenic alterations of volume than the oncometer. 

If now we are investigating the action of the anterior root of 
tenth thoracic nerve on the vessels of the kidney, a tracing is 
taken simultaneously of the arterial blood-pressure in the carotid, 
and of the volume of the kidney by the oncometer. On stimu¬ 
lating the nerve rapidly, there is a slight rise of arterial pressure, 
but a large fall of the oncograph lever showing that the kidney 
has diminished in volume. It is evident that there must be an 
active contraction of the arterioles of the kidney, causing it to 
diminish in size, for the blood-pressure tracing shows that there 
is no failure of the heart’s activity to account for it. 

We shall return to the subject of the oncometer in connection 
with the spleen and kidney. 

The vaso-motor nervous system is influenced to some extent by 
conditions of the cerebrum, some emotions, such as fear, causing 
pallor (vaso-constriction), and others causing blushing (vaso¬ 
dilatation). 

It is almost impossible to over-estimate the importance of the 
study of vaso-motor phenomena, as a means of explaining certain 
pathological conditions; our knowledge of the processes concerned 
in inflammation is a case in point. 

Disorders of the vessels due to vaso-motor disturbances are 
generally called amgio-neuroses. Of these we may mention the 
following :— 

Tache cerebrate is due to abnormal sensitiveness of the vascular 
nerves ; drawing the finger-nail across the skin causes an imme¬ 
diate wheal, or at least a red mark that lasts a considerable time. 
At one time this was considered characteristic of affections of the 
cerebral meninges like tubercular meningitis, and was conse¬ 
quently called the “ meningeal streak.” It, however, occurs in a 
variety of pathological conditions of the nervous system both 
cerebral and spinal. 

In certain forms of migraine there is a peculiar kind of head¬ 
ache confined to half the head, and called hemi-crania. This 
is associated .with an abnormal constriction of the vessels on the 
affected side. 

In certain conditions which lead to angina 'pectoris the pain in 



OH. XXXVI1 .] LYMPH AND LYMPHATIC GLANDS. 


481 

tl>e heart is due to its being unable to overcome an immense 
peripheral resistance, and the condition is relieved by the adminis¬ 
tration of drugs like amyl-nitrite or nitro-glycerine, which relax 
the vessels and cause universal blushing. 

Raynaud's disease is'one in which there is a localised constric¬ 
tion of the vessels which is so effectual as to entirely cut off the 
blood supply to the capillary areas beyond, and if this lasts any 
considerable time may lead to gangrene of the parts in question. 


CHAPTER XXXVII. 

LYMPH AND LYMPHATIC GLANDS. 

As the blood circulates through the capillary blood-vessels, 
some of its liquid constituents exude through the thin walls of) 
these vessels, c arrying nutriment to the tissue elements . This 
exudation is called lymph ; it receives fr om the tiss ues the pro ¬ 
du cts of their activi ty^ and is collected by the lymph channels, 
which converge to the thoracic duct—the main lymphatic vessel 
—and thus the lymph once more re-enters the blood stream near, 
to the entrance of the large systemic veins into the right auricle. 

Lymph is a fluid, which comes into much more intimate re¬ 
lationship with metabolic processes in the tissues than the blood ; 
in fact, there is only one situation—the spleen—where the blood 
comes into actual contact with the elements,—that is, cells, fibres, 
&c.,—of a tissue. 


Composition of Lymph. 

L ymph is a lkaline : its specific gravity is about 1015, and after 
it leaves the vessels it clots, forming a colourless coagulum of 
fibrin. It is like blood-plasma in composition, only diluted so far 
as its proteid constituents are concerned. This is due to the fact 
that proteids do not pass readily through membranes. The 
proteids present are called fd>ri noyen x serum globulin , and serum, 
albumin ; these we shall sTucIy with the blood-plasma. ‘The salts 
are similar to those of blood-plasma, and are present in the same 
proportions. The waste products, like carbonic acid and urea, 
are more abundant in lymph than in blood. The total amount of 
solids dissolved in lymph is about 6 per cent., more than half of 
which is proteid in nature. 
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When examined with the microscope the transparent lymphjs 
found to contain colourless corpus cles, which are calledJ^jMoc^ss ; 
these are cells witn larjge nuclei and co mpara tive ly little pro to¬ 
plasm. They pass with tjie lymph into the blooaJ”wIiere they 
undergo growth, and are called leycnrytes. 

All the lymphatics pass at some point of their course through 
lymphatic glands; which are the factories of these corpuscles. 
Lymphocytes also pass into the lymph stream wherever lymphoid 
tissue is found, as in the tonsils, thymus, Malpighian bodies of 
the spleen, Peyer’s patches, and the solitary glands of the intestine, 
. Ac. The lymph that leaves these.tissues is richer in lymph-cells 
than that which enters them. 

When lymph is collected from the thoracic duct after a meal 
containing fat, it is found to be milky. This is due to the 
p rese nce in the ly mph of minutely sub divided fat, particle s 
absorbed from the interior of the alimentary canal. Thgjymph 
. is then (jailed chyle. The fgt particles constitute what used to be 
called the molecular basis of chyle. If the abdomen is opened 
during the process of fat absorption, the lymphatics are seen as 
white lines, due to their containing this milky fluid. They are 
consequently called lacteals. 

The structure and arrangement of the lymphatic vessels is 
given in Chapter XXXIII., and we have now to proceed to the 
study of the structure of 

The Lymphatic Glands. 

Lymphatic glands are round or oval bodies varying in size from 
a hemp-seed to a bean, interposed in the course of the lymphatic 



Fig. 431.—Section of a mesenteric gland from the ox, slightly magnified, a, Hilus; & jin 
the central part of the figure), medullary substance; c, cortical substance with 
indistinct alveoli; d, capsule. (Kulliker.), 

yOssels, and through which the chief part of the lymph passes in 
its course to be discharged into the blood-vessels. They are found 
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in great numbers in the mesentery, and along the great vessels 
of the abdomen, thorax, and neck ; in the axilla and groin ; a few 
in the popliteal space, but not further down the log, and in the 
arm as far as the elbow. 

A lymphatic gland is covered externally, by a capsule of 
cfauiee.tiye-tissuc, generally containing some unstriped muscle. 
At the inner side of the gland, which is somewhat concave 
(hilus), (fig. 431), the capsule sends inwards processes called 
trabeculae in which the blood-vessels are contained, and these 
join with other processes prolonged from the inner surface of the 



43 **—Diagrammatic section of lymphatic gland. n.l., afferent; e.l. % efferent lympha¬ 
tics; C, cortical substance; /.A., reticulating cords of medullary substance • lit.. 
lymph-path; c„ fibrous coat sending in trabcculie tr. into the substance of the 
gland. (Shorpey.) 

part of the capsule covering the convex or outer part of the 
gland; they have a structure similar to that of the capsule, and 
entering the gland from all sides, and freely communicating, form 
a fibrous scaffolding. T he interior of the glan d is seen on sec¬ 
tion, even when examined with the naked eye, to be made up of 
two parts,, a n outer or cortical^ which is ligh t colo ured, and an 
inner of red^.»p pearanfi c Jth e...m ef/^ &t ry p ortion (figs. 431, 432). 
In the miter part, or cortex, of the gland (fig. 432) the intervals 
J 3 ®twfi£a.Jhc.Jjrabecul8B are large and regular; they arc termed 

1 1 2 
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alveoli. ; whilst in the more central or medullary part is a finer 
meshwork formed by an irregular anastomosis of the trabecular 
processes. Within the alveoli of the cortex apd in the meshwork 
formed by the trabeculae in the medulla, is contained ‘lymphoid 
Jdijpie ; this occupies the central part of each alveolus ; but at the 
periphery surrounding the central portion and immediately next 
the capsule and trabeculae, is a more open \peBb wnTl k of ret .iform 
tissii e ennutitnt.ing the lymph JXlth, and few Jx T !T 1 '- 

r.n rpiifr cles. At the inner part of the alveolus, the central mass 
divides into two or more smaller rounded or cord-like masses, 
which joining with those from tke other alveoli, form a much 



Fig. 43,t.—A small portion of medullary substance from a mesenteric gland of the ox, d,d, 
t.rabeeulse ; a, part qf a cord of glandular substances from which all but a few of the 
lymph-corpuscles have been washed out to show its supporting meshwork of retiform 
tissue and its capillary blood-vessels (which have been injected, and are dark in the 
figure) -, b, b, lymph-path, of which the retiform tissue is represented only at e, c. 
x 300. (Kcilliker.f 


closer arrangement than in the cortex; spaces (fig. 433, b) are 
left within those anastomosing cords, in which are found portions 
of the trabecular meshwork and # the continuation of the lymph 
path. 

The lymph enters the gland by several afferent vessels, which 
pierce the. capsule and open into the lymph-path; at the same 
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time ,they lay aside all their coats except the endothelial lining, 
which is continuous with the lining of the lymph-path. The 
efferent vessels begin in the medullary part of the gland, and are 
continuous with the lymph-path here as the afferent vessels were 
with the cortical portion ; the endothelium of one is continuous 
with that of the other. 

The efferent vessels leave the gland at the hilus, and generally 
either at once, or very soon after, join together to form a single 
vessel. 

Blood-vessels which enter and leave the gland at the hilus are 
freely distributed to the traWecular tissue and to the lymphoid 
tissue. 


The Lymph Plow. 

* 

The flow of the lymph towards the point of its discharge into 
the veins is brdhght about by several agencies. With the help of 
the valvular mechanism all occasional pressure on the exterior 
of the lymphatic and lacteal vessels propels the lymph onward ; 
thus muscular and other external pressure accelerates the flow of 
the lymph as it does that of the blood in the veins. The action 
of the muscular fibres of the small intestine, and probably the 
layer of unstyiped muscle present in each intestinal villus, 
assist in propelling the chyle; for, in the small intestine of a 
mouse, the chyle has been seen moving with intermittent propul¬ 
sions that appear to correspond with the peristaltic movements 
of the intestine. But fpr the general propulsion of the lymph 
and chyle, it is probable that, together with the vis a tergo 
resulting from external pressure, some of the force may be derived 
from the contractility of the vessel’s, own_ walls. The respiratory* 
movementsJ~Stfs6, favour the current of lymph through the thoracic 
duct as they do the current of blood in the thoracic veins. 

Lymph-Hearts.— hi reptiles anil some birds, an important auxiliary to 
the movement of the lymph and chyle is supplied in certain muscular sacs, 
named lymph-heart*, and it has been shown that the caudal heart of the 
eel is a lymph-heart also. The number and position of these organs 
vary. .In frogs and toads there are usually four, two anterior and two 
posterior. Into each of these cavities several lymphatics open, the orifices 
of the vessels being guarded by valves, which prevent the retrograde passage 
of the lymph. From each heart a single vessel proceeds, and conveys the 
lymph directly into the venous system. Blood is prevented from passing 
into the lymphatic heart by a valve at its orifice. 

The muscular coat of these hearts is of variable thickness; in some cases 
it can only be discovered by means of the microscope ; but in every case it is 
composed of striped fibres. The contractions of the hearts are rhythmical, 
occurring about sixty times in a minute. The pulsations of the cervical 
pair are not always synchronous with those of the pair in the ischiatic 
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region, and oven the corresponding sacs of opposite sides are not always 
synchronous in their action. 

Unlike the contractions of the blood-heart, those of the lymph-heart 
appear to be directly dependent'upon a certain limited portion of the spinal 
cord. For Volkmann found that so long as the portion of spinal cord 
corresponding to the third vertebra of the frog was uninjured, the cervical 
pair of lymphatic hearts continued pulsating after all the rest of the spinal 
cord and the brain \yerc destroyed ; while destruction of this portion, even 
though all other parts of the nervous centres were uninjured, instantly 
arrested the heart’s movements. The posterior, or ischiatic, pair of lymph- 
hearts were found to be governed, in like manner, by the portion of spinal 
cord corresponding to the eighth vertebra. Division of the posterior spinal 
roots did not arrest the movements ; but division of the anterior roots caused 
them to cease at once. 

Relation of Lymph and Blood. 

The volume of blood ill the body remains remarkably constant. 
If the amount is increased by injection of fluids, at first its 
specific gravity is lessened, but in a short time, often in' a few 
minutes, it returns to the normal. The excess of fluid is got rid 
of in two ways: (x) by the kidneys, which secrete profusely; and 
(2) by the tissues, which become more watery in consequence. 
After the renal arteries are ligatured, and the kidney is conse¬ 
quently thrown out of action, the excess of water passes only into 
the tissues. 

On the other hand, a deficiency of blood is soon remedied by 
a transfer of water from the tissues to the blood thro ugh the 
intermediation of the ly mph . 


Formation of Lymph. 

Carl Ludwig taught that the lymph flow is conditioned by two 
factors : first, differences in the pressure of the blood in the 
capillaries and the fluid in the tissue spaces, giving rise to a 
filtration of fluid through the capillary walls; and secondly, 
chemical differences between these two fluids, setting up osmotic 
Interchanges through the wall of the blood-vessel. 

Ox in ox is .—The phenomenon of the passage of fluids through animal 
membrane, which occurs quite independently of vital conditions, was first 
demonstrated by Dutrochet. The instrument which he employed in bis 
experiments was named an rndoxmonictrr.' One form of this, represented in 
the figure, consists of a graduated tube expanded into an open-mouthed bell 
at one end, over which a portion of membrane is tied. If the bell is filled 
with a solution of a salt—say sodium chloride—and is immersed in water, the 
water will pass into the solution, and p».rt of the salt will pass out into tbe 
water; the water, however, will pass into the solution much more rapidly 
than the salt will pass out into the water, and the diluted solution will rise 
in the tube. It. is to this passage of fluids through membrane that tbe term 
oxiimxix is applied.. 
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The nature of the membrane used as a septum, and its affinity for the 
fluids subjected to experiment, have an important influence, as might be 
anticipated, on the rapidity and duration of the osmotic current. Thus, if a 
piece of ordinary bladder be used as a sep’tum between water and alcohol, 
the current is almost solely from the water to the alcohol, on account of the 
much greater affinity of water for this kind of membrane; while, on the 
other hand, in the case of a membrane of caoutchouc, the alcohol, from its 
greater affinity for this substance, would pass freely into the water. 

If the lymph is produced by a simple act of filtration, then the 
amount of lymph must rise and sink with the 
value of D— -d; D representing the capillary blood 
pressure, and d the pressure ifi the tissue spaces. 

In support of this mechanical theory, various 
workers in Ludwig’s laboratory showed that in¬ 
creased capillary pressure due to obstruction of 
the venous outflow increases the amount of lymph 
formed and that diminution of the pressure in 
the lymph spaces, by squeezing out the lymph 
previously contained in them, leads to an increase 
in the transudation. 

On the other hand, there were some facts which 
could not be well explained by the filtration theory, 
among which may be mentioned the action of curare 
in causing a n increase of lym ph flow. 

"" HeicTenKam was the first to fully recognise that 
the laws of filtration and osmosis as applied to 
dead membranes may be considerably modified 
when the membranes, are composed of living cells ; 
and h e con siders that the formation of lymph is K §osmoineter?” 
due to the ~selecftve”of "secretory activity'of the 
endothelial walls’ of tbe capillaries. This so-called vital action of 
the endothelial cells is seen in the fact that after the injection 
of sugar into the blood, in a short time the percentage of sugar 
in the lymph becomes higher than that in the blood. There 
must, therefore, be some activity of the endothelial cells in 
picking out the sugar from the blood and passing it on to the 
lymph. 

Heidenhain is also the inventor of the term lymphagogues 
(literally lymph drivers). These are substances like curare, which 
have a specific action in causing an increased lymph flow. 
Heidenhain considers the majority of thes e act by stimulating t he 
ftnrln< ihfili al cells to activity . Chis conclusion, however, has been 
subjected to much criticism. In this country the question has 
been taken up by Dr. Starling , who has shown that the influence 
of vital action is not’"so marked as Heidenhain supposes it to be, 
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but that most of the phenomena in connection with lymph 
formation can be explained by the simpler mechanical theory. 
The question, however, is just now much under discussion, and 
without pronouncing a definite opinion one way or the other, we 
may conclude by stating briefly the view hold by St arling on the 
subject. 

The amount of lymph produced in any part depends on two 
factors:— 

1. The pressure at which thc blood is flowing through the 
capillaries. Heidenhain took the arterial pressure in his experi¬ 
ments as the measure of the capillary pressure; Starling points 
out, very justly, that this is incorrect, as there is between the 
arteries and the capillaries the peripheral resistance in the 
arterioles. 

2. The permeability of the capillary wall. This varies 
enormously in different regions; it is greatest in the liver, so 
that an intracapillary pressure which would cause lymph to flow 
here is without effect on the production of lymph in the limbs. 

The flow of lymph may therefore be increased in two ways :— 

r. By increasing the intracapillary pressure. This may be 
done locally by ligaturing the veins oT an organ ; or generally by 
injecting a largo amount of fluid into the circulation, or by the 
injection of such substances as sugar and salt (Heidenhain’s first 
class of lymphagogues) into the blood. These attract water from 
the tissues into the blood, and thus increase the volume of the 
circulating fluid and raise the intracapillary pressure. 

2. By increasing the permeability , pf the capillary wall .hy 
injuring its vitality. This may be done locally by scalding a 
part ; or generally, by injecting certain poisonous substances, such 
as peptone, leech extract, decoction of mussels, &c. (Heidenhain’s 
second class of lymphagogues). These act chiefly on the liver 
capillaries; curare acts chiefly on the limb capillaries. 


CHAPTER XXXVIII. 

THE DUCTLESS GLANDS. 

I 

The ductless glands form a heterogeneous group of organs, most 
of which are related in function or development with the circula¬ 
tory system. They include the lymphatic glands, the spleen, 
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the thymus, the thyroid, the suprarenal capsules, the pineal 
body, the pituitary "Body, and the carotid and coccygeal glands. 
The function of a gland that has a lluct is a comparatively simple 
physiological problem, but the use of ductless glands has long 
been a puzzle to investigators. Recent research has, however,'; 
shown that most of, if not all the ductless glands do form a 
secretion, and this internal secretion, as it is termed, leaves the 
gland'by the venous blood or lymph, and thus is distributed and 
ministers to the needs of parts of the body elsewhere. Many of 
the glands which possess ducts and form an external secretion, 
form an internal secretion «as well. Among these the liver , 
pancreas, and kidney must be mentioned. 

In many cases the internal secretion is essential for life, and 
removal of the gland that forms it, leads to a condition of disease 
culminating in death. In other cases the internal secretion is 
not essential, or its place is taken by that formed in similar 
glands in other parts of the body. 

The body is a complex machine; each part of the machine has 
its own work to do, but must work harmoniously with other 
parts. Just as a watch will stop if any of its numerous wheels 
gets broken, so the metabolic cycle will become disarranged or 
cease altogether if any of the links in the chain break down. 

In unravelling the part which the ductless glands play in this 
cycle, it is at present impossible in many cases to state precisely 
what the particular function of each is; all one can say is that 
when the gland is removed or its function interfered with, that 
the metabolic round is broken somehow, and that this upsets the 
whole of the machinery of the body. The difficulty of investi¬ 
gating this subject is increased by the fact that it is impossible 
to get the internal secretion in a state of purity and examine it ; 
it is always mixed with, and masked by the lymph or blood into 
which it is poured. 

In spite of this, however, our knowledge in this branch of 
physiology is increasing, particularly in connection with some of 
these ductless glands. The methods which have been employed 
are the following :— 

1. Extirpation .—The gland in question is removed, and the 
effect of the absence of the internal secretion noted. 

2. Disease .—In cases where the function of the gland is in 

abeyance, owing to its being diseased, the symptoms are also 
closely observed. , 

3. Injection of Extracts .—The gland is taken in a fresh condi¬ 
tion; an extract is made of it, and this is injected into the 
circulation of healthy animals, and into that of those animals 
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from which the gland has been previously removed, and the effects 
watched. 

4. Transplantation .— : After the gland is removed and the 
usual effect produced, the same gland from another animal is 
transplanted into the first animal and restoration of function 
looked for. *' ’ 

The case of the l ymphatic glands we have already studied ; 
they_form an internal secretion which consists of lymph-cell s , a nd 
these furnish the blood with ita most important supply of colour¬ 
less cor pus cles. Removal of lymphatic glands is not fatal, as the 
otherTymphatic glands, and Qther collections of lymphoid tissue 
that remain behind, carry on the work of those that are 
removed. 

The Spleen. 

The Spleen is the largest of the ductless glands; it is situated 
to the left of the stomach, between it and the diaphragm. It 
is of a deep red colour and of variable shape. Vessels enter and 
leave the gland at a depression on the inner side called the hilus. 

Structure .—The spleen is covered externally almost completely 
by d'&erous coat derived from the peritoneum, while within this 
is the proper fibrous coat or capsule of the organ. The latter*, 
is composed of connective-tissue, - willia large- preponderance of| 
elastic fibres and a certain proportion of unstriated muscular* 
tissue. Prolonged from its inner surface are fibrous processes or 
trabecula;, containing much unstriated muscle, which enter the 
interior of the organ and, dividing and anastomosing in all parts, 
form a supporting framework in the interstices of which the 
proper substance of the spleen (spleen-jmlp) is contained. 

At the hilus of the spleen, the blood-vessels, nerves, and lym¬ 
phatics enter or leave, and the fibrous coat is prolonged into the 
spleen substance in the form of investing sheaths for the arteries 
and veins, which sheaths again are continuous with the trabecula? 
before referred to. 

The spleen-pndp, which is of a da rk r ed or reddish-bro wn colour , 
is composed chiefly of cel ls, imbedded in a network formed o f fibres, 
andf the branchings of large nucleated cells. The network so 
formed is thus very like a coarse kind of retiform tissue. The 
spaces of this network are only partially occupied by cells and form 
a freely communicating system:—Of "the cells some are granular < 
corpuscles resembling the lynyh.onrpnKojAs- both in general appear¬ 
ance and in being able to perform amoeboid movements; others • 
are red blood-corpuscles of normal appearance or variously 
changed ; while there are also large cells'containing cither a p ig ;' 
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ment allied to the colouring matter of the blood, or rounded coi- 
puscles like red corpuscles. 

• The splenic artery, after entering the spleen by its concave 
surface, divides and ‘subdivides, with but little anastomosis 
between its branches ; at the same time Its branches are sheathed 
by the prolongations of the fibrous chat, which they, so to speak, 



fig- 435 -—Section of injected dig’s spleen; <•, capsule; tr, trabeeulsR; m, two Malpighian 
bodies with numerous small arteries and capillaries; a, artery; I, lymphoid tissue, 
consisting of closely-packi d lymphoid cells supported by very delicate rotiform tissue ; 
a light space unoccupied by cells is seen all round the trabeculae, which corresponds 
to the “lymph path ” in lymphatic glands. (Schofield.) 

carry into the spleen with them. The arteries soon leave the 
trabeculae, and their outer coat is then replaced by one of lym¬ 
phoid tissue ; they end in an open brushwork of capillaries, the 
endothelial cells of which become continuous with those of the 
rete of the splecn-pulpi The veins begin by a similar open set of 
capillaries from the large blood spaces of the pulp. The veins 
.soon pass into the trabeculse,' and ultimately unite to form the 
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splenic vein. This arrangement readily allows lymphoid and other 
corpuscles to be swept into the blood-current. 

On the face of a section of the spleen pan 
be usually seen readily with the naked eye, 
minute, scattered rounded or oval whitish 
spots, mostly from to inch (£ to -§ mm.) 
in diameter. These are the Malpighian cor - 
puscles of the spleen, and are situated on 
the'" sheaths of the minute splenic arteries. 
They are in fact outgrow ths o f the oute r 
c oat of lymphoid tissue just referred to (see 
fig— 437 ~)• Blood capillaries traverse the Mal- 
Fig. 4^6. —Heticuium of the P‘g hian corpuscles and form a plexus in their 
spleen of a cat, shown by interior. The structure of a Malpighian 
(Cadiat.) corpuscle of the spleen is practically iden- 

tical with that of a lymphoid nodule. 
Functions .—These are the following :— 

(1.) The spleen, like the lymphatic glands, is engaged in the 




Kg. 437.—Section of spleen of cat. a, a', Malpighian corpuscles, in case of o', in connection 
with small artery, t ; 6 , V, small arteries; e, section of trabeculae. 
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formation of colourless blood -corpuscles. For it is quite certain, that 
the blood of the snlo nio vein contains an unusually large amoun t 
of white corpuscles ; and in the disease termed I'encocythccmia, in 
wEitiH the white corpuscles of the blood are remarkably increased 
in number, there is found a hypertrophied condition of the spleen, 
especially of the Malpighian corpuscles. The white corpuscles 
formed in the spleen .also doubtless partly l eave that organ by 
lymphatic vessels. 

By stimulating the spleen to contract in a case of splenic 
leucocythaimia by meaus of an electric current applied over it 
through the skin, the number, of leucocytes in the blood is almost 
immediately increased. 

Removal of the spleen is not fatal ; but afterjts removal there 
iH - au ’ m ? rcr°wt‘h of for'it s 

absence! 

X' 2 -) Jt forms coloured corpuscles at any rate in some animals ; 
in these animals, cells are fou nd in the spleen similar to. those .wje 
have described in red marrow, and c alled In these 

animals, if the spleen is removed, the red marrow hypertrophies. 

(3.) There is reason to believe, that in the spleen many of the 
red corpuscles of the blood, those probably which have discharged 
their office and are worn out, undergo disintegration; for in the 
coloured portions of the spleen-pulp an abundance of such cor¬ 
puscles, in various stages of degeneration, are found, and in 
those cases of disease iti which the destruction of blood-corpuscles 
is increased (pernicious anaemia) iron accumulates in the spleen 
as in the liver. It was formerly supposed that the spleen broke 
down the corpuscles ■ and liberated haemoglobin, which passing 
in the blood of the splenic vein to the liver was discharged by 
that organ as bile-pigment. But this is not the case ; the disin¬ 
tegration does not proceed so far as to actually liberate haemo¬ 
globin ; there is no free haemoglobin in the blood of the splenic 
vein. / 

(4.) From the almost constant presence of uric acid, in larger 
quantities than in other organs, as well as of the nitrogenous 
bodies, xan thin e and hypoxanthine, in the spleen, some share in 
nitrogenous metabo lis m mav be fairly inferred to occur in it. 

(5.) Besides these direct offices, the spleen fuIfils~some purpose 
in rega rd to the portal circulation, with'which it is in close con¬ 
nection^ From "the ""readiness with winch it admits of being 
distended, and from the fact that it is generally small while 
gastric digestion is going on, and enlarges when that act is con¬ 
cluded, it is supposed to aot as a kind of vascular reservoir, or 
diverticulum to the portal system, or more particularly to thevessels 
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of blood through the latter organ, and by its diminution when the 
congestion of the portal system is relieved by discharges from the 


I'iff. 4.!*-—Roy’s Oncometer for sjjieen j A, open; B, dosed. 


of the stomach. That it may serve such a purpose is also made 
probable by the enlargement which it undergoes in certain affections 
of the heart and liver, attended with obstruction to the passage 
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bowels, or by the effusion of blood into the stomach. This 
mechanical influence on the circulation, however, can hardly be 
supposed to be more than a very subordinate function. 

Influence of the Nervous System upon the Spleen .—When the 
spleen is enlarged after digestion, its enlargement is probably due 
to two causes : (i) a relaxation of the muscular tissue which formsa 
so large a part of its framework ; (2) a dilatation of the vessel;;? 
Both these phenomena are under control of the nervous system. 
It has been found by experiment that when the splenic nerves are 
cut the spleen enlarges, and that cpntXiUitioi 1 can be brought 
about (1) by stimulation of, the spinal cord or of the divided 
nerves; (2) reflexly by stimulation of the central stumps of certain 
divided nerves, e.g., vagus and sciatic ; (3) by local stimulation by 
an electric current; (4) the administration of quinine and some 
other drugs. 

It has been shown by the oncometer of Hoy that the spleen 
undergoes rhythmical contractions and dilatations, due to the 
contraction and relaxation of the muscular tissue in its capsule 
and trabecuke. A tracing also shows waves due to the rhythmical 
alterations of the general blood-pressure. 

The form of oncometer adapted for the shape of the spleen of 
most animals is shown in the next figure. In most mammals the 
spleen is not kidney-shaped as in man, but narrow and ribbon 
shaped. The general principles of the oncometer have been 
explained on p. 478, where also it is mentioned that by a simpler 
plethysmographic method Schafer has obtained tracings which 
show first, the large waves occurring about once a minute, due to 
the splenic systole and diastole; secondly, smaller waves on this, 
due to the effect of respiration on the blood-pressure ; and on 
these smaller waves still, corresponding with the individual 
heart-beats. The large waves, due to the splenic contractility 
still go on after the division of all the splenic nerves. 


The Thymus. 

This gland is a temporary organ ; it attains its greatest size 
early after birth, and after the second year gradually diminishes, 
until in adult life hardly a vestige remains. At its greatest develop¬ 
ment it is a long narrow body, situated in the front of the chest 
behind the sternum and partly in the lower part of the neck. It 
is of a reddish or greyish colour, and is distinctly lobulated. 

Structure .—The gland is surrounded by a fibrous capsule , which 
sends in processes, forming trabeculae, which divide the gland 
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into lobes , and carry the , blood- and lyriijtfy vessels. The large 
trabecula) branch into small ones, which divide the lobes into 
lobules. The lobules are further subdivided into follicles by fine 
connective-tissue. A follicle (fig. 441) is seen on section to be 
more or less. polyhedral in shape, and consists Of cor tical and 
medullary portions, both of which are co mposed of ad enoid or 
lymphoid tissue, but in the medullary portion the matrix is coarser, 



Fig. 439. —Transverse section of a lobule of an injected infantile thymus gland, a, capsule 
of connective-tissue surrounding the lobule ; b, membrane of the glandular vesicles ; 
c, cavity of the lobule, from which the larger blood-vessels are seen to extend 
towards and ramify in the spheroidal masses of the lobule, x 30. (Kolliker.) 


and is not so filled up with lymphoid corpuscles as in the cortex. 
Scattered in the lymphoid tissue of the medulla are the concentric 
corp uscles of Ilassal l, which consist of a nuclea ted granular centre, 
surrou nded h y flattened, nucleated epithelial cells.These are 
islands of epithelial cells cut off from the epithelium of the 
pharynx in process of development. They are not occluded 
blood-vessels, as was at one time supposed (fig. 442). They 
remind one somewhat of the epithelial nests seen in some 
varieties of cancer. 

The arteries radiate from the centre of the gland. Lymph sinuses 
may be seen occasionally surrounding a greater or smaller por¬ 
tion of the periphery of the foHicles‘(Klein). The nerves are very 
minuite. 

From the thymus various substances may be extracted, many of 
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them similar to those obtained from the spleen, e.g., xanthine, 
h ypoxAnthin e, and leucine. —-~— 

The main constituent of the cells is proteid, and especially 



nucleo-protejd. Indeed the .•thymus is usually employed as the 
source of nncleo-proteid when one wishes to inject that substance 
into the blood-vessels erf an animal to produce intravascular 



Pig. 441.—From a horizontal 
section through superfi¬ 
cial part of the thymus 
of a calf, slightly magni¬ 
fied. Showing in the 
centre a follicle of poly¬ 
gonal shape with simi¬ 
larly shaped follicles 
round it. (Klein and 
Noble Smith.) 





Fig. 442.—The reticulum of the 
thymus, a, epithelial ele¬ 
ments ; b, corpuscles of H as¬ 
sail. (Cadiat.) 


clotting. It is, however, not characteristic of the thymus, but is 
found in all protoplasm. The method of preparation will be given 
later. 

K.P. 


K K 
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Function .—The thymus takes part in producing the colourless 
corpuscles like other varieties of lymphoid tissue. 

Respecting the thymus gland in the hybernating animals, in 
which it exists throughout life, as each successive period of hyber¬ 
nating approaches, the thymus greatly enlarges and becomes 
laden with fat, which accumulates in it and in fat glands con¬ 
nected with it, in even larger proportions than it does in the 
ordinary seats of adipose tissue. Hence it appears to serve for 
the storing up of materials which, being reabsorbed in inactivity 
of the hybernating period, may maintain the respiration and the 
temperature of the body in the rgduced state to which they fall 
during that time. Some observers state that it is also a source of 
the red blood-corpuscles, at any rate in early life. 

The Thyroid. 

The thyroid gland is situated in the neck. It consists of two 
l obes, onej ^eactu aide- oL t&e tra&hs^^ 



Fig. 4« .—Part of a section of the human thyroid, a, fibrous capsule; l, thyroid vesicles 
filled -with, e, colloid substance j e, supporting fibrous tissue; d, short columnar cells 
lining vesicles; /, arteries; g, veins filled with blood; A, lymphatic vessel filled with 
colloid substance, x. (S. K. Alcock.) 

1 

thyroid cartilage, covering its inferior cornu and part of its body; 
these lobes are connected across : t^ 
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or isthmus. It is highly vascular, and varies in size in different 
individuals. 

Structure .—The gland is encased in a capsule of dense areolar 
tissue. This sends in strong fibrous trabeculee, •which enclose the 
thyroid vesicles —which are rounded or oblong irregular sacs, con¬ 
sisting of a wall of thin hyaline membrane lined by a single layer 
of short cylindrical or cubical cells. These vesicles are filled with 
transparent colloid nucleo-albuminous material. The colloid 
substance increases with age, and the cavities appear to coalesce. 
In the interstitial connective-tissue is a round meshed capillary 
plexus, and a large number of lymphatics. The nerves adhere 
closely to the vessels. 

In the vesicles there are in addition to the yellowish glassy 
colloid material, epithelium cells, colourless blood-corpuscles, and 
also coloured corpuscles undergoing disintegration. 

Function .—It is difficult to state definitely the function of the 
thyroid body; it is one of those organs of great importance in 
the metabolic r ound : and its removal or disease.is followed Jby 
general disturbances. * It no doubt forms an internal secretion ; 
to this the colloid material mentioned contributes, 'as it is found in 
the lymphatic vessels of the organ. 

When the gland is diseased in children and its function 
obliterated, a species of idiocy is produced called cretinism. 

The same condition in adults is called myxoedema) the most 


marked symptoms of this condition are slowness, both of body and 
mind, usually twitcJbiigs, There 

is also a peculiar condition of the skin leading to the overgrowth 
of the subcutaneous tissues, which in time is replaced by fat ; 
the hair falls off, the hands become spade-like ; the whole body is 
unwieldy and clumsy like the mind. 

A similar condition occurs after the thyroid is completely 
removed surgically; this is called cachexia strwmipriva; this 
operation, which was performed previous to our knowledge of 
the importance of the thyroid, is not regarded as justifiable 
nowadays. 

Lastly, in many animals removal of the thyroid produces 
analogous symptoms, in the overgrowth pf t he, connective-tissues, 
especially under the skin, an d in the nervous sympt om s"( twitch- 

The term Myxoedema was originally given under the erroneous 
idea that the swelling of the bodjy is due to mucin. In the early 
stages of the disease there is a slight increase of mucin, because 
all new connective-tissues contain a relatively large amount of 
ground substance, the most abundant constituent of which, next 

K K 2 
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to water, is mucin. But there is nothing characteristic about 
that. 

The discovery of the relationships between the thyroid and 
these morbid conditions is especially interesting, because important 
practical restilts in their treatment have followed close on the 
heels of experimental investigation. The missing internal 
secretion of the thyroid may be replaced in these animals and 
patients by grafting the thyroid of another animal into the 
abdomen ; or more simply by injecting thyroid extract subcu¬ 
taneously ; or even by feeding on the thyroid of other animals. 
This treatment, which has to be, kept up for the rest of the 
patient’s life, is entirely successful. Chemical physiologists have 
been searching recently to try and discover what the active 
material in thyroid extract is, which produces such marvellous 
results ; some look upon it as nucleo-proteid ; others as a crystal¬ 
line substance called thyreo-antitojrm~(t J,.H j ,N.,<>-) by Fracnkel, its 
discoverer; others agiihT (Baumann, and Rons) are inclined to 
attribute the efficacy of thyroid extract to a substance they have 
separated from the gland and which stands almost unique among 
physiological compounds by containing a large percentage of 
iodine in its molecule. 

But whatever the chemical composition of the active principle 
of the thyroid’s internal secretion may be, there can be no doubt 
that its action under normal circumstances is as a regulator o f 
metabolic processes, especially in the central nervous system_— 


The Supra-renal Capsules. 

Those are two triangular or cocked-hat-shaped bodies each 
resting by its lower border upon the upper border of the kidney. 

Structure .—The gland is surrounded by an outer sheath of 
connective-tissue, which sends in fine prolongations forming the 
framework of the gland. The gland tissue proper consists of 
an outside firmereortical portion and an inside soft dark medullary 
jjorfcion. .. ~ . 

- (i.) The c ortica l portion is divided - into (fig. 444) columnar 
groups of cells (zonajas^ukitd). Immediately under the capsule, 
however, the groups are more rounded (zona glomerulosg), while 
next to the medulla they have a reticular arrangement (zona 
reU^jdaris). The cells themselves are polyhedral, each with aj 
clear round nucleus, and often with oil globules on their proto¬ 
plasm. The blood-vessels run in the fibrous septa between the] 
columns, but do not penetrate between the cells. 

(2.) The medullary substance consists of a coarse rounded or 
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irregular mesliwork of fibrous tissue, in the alveoli of which are 
masses of multinucleated protoplasm (fig. 445); numerous blood- 



Fig. 444 .—Vertical section through part of the cortical portion of supra-renal of guinea-pig. 
«, capsule; h, zona glomerulosa; c, zona fasciculate; d, connective-tissue supporting 
the columns of the cells of the Iatter,' and also indicating the position of the blood¬ 
vessels. x. ( 8 . K. Aleock.) 



P*?. 445-—Section through a portion of the medullary pait of the supra-renal of guinea- 
pig, The vessels ore very numerous and the tier jus stroma more distinct than in 
the cortex, and is moreover reticulat id. The cells are ir.eguiar and larger, clean, and 
free from oil globules, x. ( 8 . K. A’eock.) 
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vessels; and an abundance of nerve - fibres and cells. The cells 
are very irregular in shape and size, poor in fat, and often | 
branched ; the nerves run through the cortical substance, and 
anastomose over the medullary portion. 

The cells of the medulla are characterised by taking a brown stain 
with chromic acid, provided the organ is quite fresh. The substance 
to which this is due is only found in the body in the medulla of 
the suprarenale. Its chemical composition is uncertain, but in 
many of its characters it is similar to lecithin. This substance is 
probably tho material to which the action of suprarenal extracts 
is duo, and by inference the most; important constituent of the 
internal secretion of the gland. 

Function .—The immense importance of the suprarenal bodies 
was first indicated by Addison, who, in 1855, pointed out that 
the disease now known by his name is associated with pathological 
ablations of these glands. This was tested experimentally by 
Brown-Sequard, who found a few years later th at removal of th e 
suprarenale in animals is invariably and rapidly fatal. The 
symptoms are practically the same (although more acute) as. 
those of Addison’s disgase,- namely, great muscular weakness, loss' 
of vasc nIarntony~~aiyd^nerv oiis proat rattftff?'* J ' , ^ie^m > ^ nenfa ^^re f 
the^ldnjlio'vv’evcr)' 'wti icfri Is a marked ^symp t om ip Adqlson s 
disease, 13. .n ot seen ni'anl lh^s^ 7 ^experiments of Brown- 
Sequard atffl^c^ec? nnlcli' attention at the time they were per¬ 
formed, but were almost forgotten until quite recently, when they 
were confirmed by Abelons, Schafer, and others. The effects on 
the muscular system arc the most marked results both after 
removal of the capsqles and after injection of an extract of the 
glands. The, effect ofinjecting suck-an extra ct onrthe-^oluntary 
muscles is to increa se thjeir_tone. so that a tracing obtained from 
them resembles that produced by a small dose of veratrine, 
namely, a prolongation of the period of relaxation. The effect 
on involuntary muscle is equally marked ; there is an enormous- 
rise of arterial blood pressure due chiefly to a contraction of tht^f 
arterioles. This is produced by the direct action of the extract 
on the muscular tissue of the arterioles, not an indirect one 
through the vaso-motor centre. The active chemical substance 
in the extract that produces the effect is still a matter of uncer¬ 
tainty ; it is, however, confined to the medulla of the capsules, 
a nd ia ,absent from the capsules in eases of Addison’a disease. 

The capsulesj'Tfferef6rer?drm sb;nething which i s ribbed to 
the muscles and is ess entia l for their normal tone; when they 
are”removed "the po^nous^e^rts seeiT’Eurr'TKe' result of the 
absence of this internal secretion. 
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Whether this discovery' will lead to the same important 
practical results as in the case of the thyroid and myxoedema 
must be left to the future to decide. There is already some 
evidence to show that injection of suprarenal extract is beneficial 
in cases of Addison’s disease. ' 

The Pituitary Body. 

This body is a small reddish-grey mass, occupying the sella 
turcica of the sphenoid bone. 

Structure .—It consists of two lobes—a small posterior one, 
consisting of nervous . tissue ; an anterior larger one, resembling 
the thyrouTiu structure. A canal lined with fl attened or with 
ciliated epithelium, passes through the anterior "lobe; it is con¬ 
nected" with the infundibulum. The alveoli are approximately 
spherical; they are filled with nucleated cells of various sizes 
and shapes not unlike ganglion cells, collected together into 
rounded masses, filling the vesicles, and contained in a semi-fluid 
/granular substance. The vesicles are enclosed by connective- 
tissue, rich in capillaries. 

Nothing is known of the function of the pituitary body. 


The Pineal G-land. 

This gland, which is a small reddish body, is placed beneath 
the back part of the corpus callosum, and rests upon the corpora 
quadrigemina. 

Structure .—It contains a central cavity lined with ciliated 
e pitheliu m. The gland subst ance proper is divisible into— (1) 
An outer cortic al layer, analogous in structure to the anterior 
lobe of the pituitary body ; and (2) An inner central layer, 
wholly nervous. The cortical layer consists~"oF~a number of 
c losed follicl es, containing, (a), cells of variable shape, rounded, 
elongated, or. stellate -fusiform colls. There is also present 

brain-saud, gritty matter consisting of round particles aggregated 
into small masses. The central substance consists of whitq an d 
grey m atfen. The blood-vessels are small, and form a very delicate 
capillary plexus. 

The pineal gland is the atrophied remains of a third eye situated 
centrally. This eye is formed jn a more perfect condition, though 
covered by skin, in certain lizards, such as Hatteria. 
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The Coccygeal and Carotid Glands. 

These so-called glands are situated, the one in front of the tip of 
the coccyx, and the other at the point of bifurcation of the common 
•carotid artery on each side. They are made up of a plexus of 
small arteries, are enclosed and supported by a capsule of fibrous 
tissue, which contains connective-tissue corpuscles. The blood¬ 
vessels are surrounded by one or more layers of cells like secreting- 
cells, which are said to be modified plasma cells of the connective- 
tissue. The function of these bod res is unknown. 


CHAPTER XXXIX. 

RESriltATION. 

The respiratory apparatus consists of the lungs, and of tlie g ir- 
passages which leadj^yjthcm. In marine animals, the gills fulfil 
Tl^ir^lTTurclmn's as the lungs of air-breathing animals. The 
muscles which move the thorax and the nerves that supply them 
must also be included under the general heading, Respiratory 
System ; and using this expression in the widest sense, it includes 
practically all the tissues of the body, since they are all concerned 
in the using up of oxygen and the production of waste products 
like carbonic acid. 

Essentially a lung or gill is constructed of a thin membrane, 
one surface of which is exposed to the air or water, as the case 
may’ be, while, on the other, 
the only separation between 
being the thin wal l of the blood-vessgls, and the fine membrane 
on one side of whicIT^vessels are "distributed. The difference 
between, the simplest and the most complicated respiratory 
membrane is one of degree only. 

The lungs or gills are only the medium for the exchange, on 
the part of the blood, nf r-ar-hnnin fnr ^yffon They are not 
the seat, in any special maJmerT^of those combustion-processes 
of which the production of carbonic acid is the final result. 
These processes occur in all parts of the body in the substance of 
the tissues. 


is a network 

i,M«nin urn— 

th ff" blood and aerating medium 
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The Respiratory Apparatus. 


Thc_ object .of., respiration bei ng Jibe it ....- 

lungs, it is nece ssary atmaspht^ pass into 

STi'Sni' !lM T niaT“tlie changed „ air should i>u expelled frqni.them. 
The lungs arc contained m""tllB" UhtMl or thorax, which is a closed 
cavity having no communication with the outside except by 
means of the respiratory passages. The air enters these passages 
through the nostrils or through the mouth, whence it passes 
through the larynx into the» trachea or w indpipe, w hic h abo ut 
the middle o^~Tfttr^!rc^' w dm 3 jes into two tviBesf pro nchi f one. to 
each .{^ht and, lejtjjung. 

r I'he Larynx is the upper part of the passage, and has been 
already described in Chapter XXX. 

The Trachea and Bronchi .—The trachea extends from the cricoid 
cartilage, which is on a level with the fifth cervical vertebra, to a 
point opposite the third dorsal vertebra, where it divides into the 
two bronchi, one for each lung (fig. 446). It measures, on an 
average, f our o r four-and-a-half inches in length, and from three- 
quarters of an inch to an inch in diameter, and is essentially a 
tube of fib ro-elastic memb rane, within the layers of which are 
encloscd^irsmes d'f 'cirrfiliignious rings, from .sixt een to twenty in 
number. These rings extend only around the front and sides of 
the trachea (about two-thirds of its circumference), and are 
deficient behind ; the interval between their posterior extremities 
being bridged over by a continuation of the fibrous membrane in 
which they are enclosed (fig. 447). T he cartilages of the trachea 
and bronchial tubes are of Jb£. byaUDC yac igtv. 

Immediately within this tube, at the back, is a layer of 


transversely, between 

the ends of the cartilaginous rings to which they are attached, 
and opposite the intervals between them, also ;• their function 
being to diminish, when required, the calibre of the trachea by 
approximating the ends of the cartilages. Outside these are a few 
longitudinal bundles of muscular tissue, which, like the preceding, 
are attached both to the fibrous and cartilaginous framew ork. 

'The muco us m embrane c onsists to. a gr eat extent of loose 
lymphoid tissue, separated~TOTft"’tffe A31 listed epitlielium which 
fines ii by a homogeneous basement membrane. The epithelium 
is formed of several layers, of, whirf^ the most superficial layer is 
ciliated; while between these cells are smaller elongated cells 1 
prolonged up towards the surface and down to the basement 
membrane. Beneath these are one or more layers of more 
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irregularly shaped cells (fig. 451). Many of the superficial cells 
are of the goblet variety. In the deeper part of the mucosa are 



Kg. 446.—Outline showing the general form 
ol the larynx, trachea, and bronchi, as 
seen from before, h, the great cornu of 
the hyoid bone; «, epiglottis; (, superior, 
and r, inferior cornu of the thyroid carti¬ 
lage ; c, middle of the cricoid cartilage; 
tr, the trachea, showing sixteen cartila¬ 
ginous rings; b, the right, and b', the left 
bronchus. (Allen Thomson.) x £. 



Fig. 447.—Outline showing the general form of the 
larynx, trachea, and bronchi, as seen from 
behind, h, great cornu of the hyoid bone; *> 
superior, and t', the inferior cornu of the 
thyroid cartilage! «, epiglottis; a, points ") 
the hack of both the arytenoid cartilages> t™ic“ 
are surmounted by the comicula; c, the middle 
ridge on the back of the criooid cartilage; lr, tie 
posterior membranous part of the trachea; b,b, 
eright and left bronchi. (Allen Thomson.) r 


many elastic fibres between which lie connective-tissue corpuscles 
and capillary blood-vessels. 
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Numer ous muc ous glands are situate on the exterior and i n th e 
substance ofthe ; tlieir cTucts per¬ 

forate the various structures which* form the wall of the trachea, 
and open through the mucous membrane into the interior. 



Kg. 448.—Section of the trachea, a, columnar ciliated epithelium; b and c, proper 
structure of the mucous membrane, containing elastic fibres cut across transversely ; 
d, submucous tissue containing mucous glands, e, separated from the hyaline cartilage, 
<7, by a fine fibrous tissue, A, external investment of fine fibrous tissue. (S. K 
Alcock.) 


The two bronchi into which the trachea divides, of which the 
~ : fiT 1 ~* IB nh nr ^ r - broader, and mnre .hnrimn^l than the left 
(fig. 446), resemble the trachea in structure, witn the difference 
that in them there is a (jistinct layer of un striped muscle 
arranged^circularly; beneath the mucous membrane, forming; 
t he On entering the substance of the lungs 

the cartilaginous rings, although they still form only larger or 
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smaller segments of a circle, are no longer confined to the front 
and sides of the'tubes, but are distributed impartially to all parts 
of their circumference. 

The bronchi divide and sub-divide, in the substance of the 
l ungs, into a num ber of sma ller.^uL^mnilltnr ni^chcH. which 
penetrate into every part of the organ, until at length they etid 
in the smaller sub-divisions of the lungs, calle d fob ales. 

All the larger branches have walls fonned oflougli membrane, 
containing portions of cartilaginous rings, by which they are held 
open, and unstriped muscular fibres, as well as longitudinal 



Fig. 4*0.—Transverse section of a bronchus, about 3 inch in diameter, r, Epithelium 
(ciliated) ; immediately beneath it is the mucous membrane or inteinal fibrous layer, 
of vai \ ing thickness ; m, muscular layer; n.m, submucous tissue; /.fibrous tissue; 
c, cartilage enclost*d within the layers of fibrous tissue; y, mucous gland. (F. K. 
Schulze.) 

bundles of elastic tissue. They are lined bv t unco us njp i nhrsp n*, 
the surface of which, like that of the larynx and trachea, is 
covered with c iliatfid umithelinm.Jmt-the several^ 1 avers become 
less and less distinct until the lining consists of a single layer of 
short columnar cells covered with cilia (fig. 449). The mucous 
membrane is abundantly provided with mucous glands. 

As the bronchi become smaller and smaller, and their walls 
thinner, the cartilaginous rings become scarcer and more irregu¬ 
lar, until, in the smaller bronchial tubes, they are represented 
only by miunte and sca ttere d cartilaginous flakes. And when 
the bronchi, by successivTHSranchings, are re 3 uced to about T V 
of an inch ( - 6 mm.) in diameter, they lose their cartilaginous 
element altogether, an d their walls are formed only of a 
fibrous mfimhrapp. w ith circular muscular fibres : they are 

still lined, however, by a thin mucous membrane, witli ciliated 
epithelium, the length of the cells bearing the cilia having become 
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so far diminished, that the* cells are now cubical. In the smaller 
bronchi the circular muscular fibres are relatively more abundant 
than in the larger bronchi, and form a distinct circular coat. 

The Lump and Pleurae .—The lungs occupy the greater por¬ 
tion of the thorax. They are of a spongy elastic texture, and are 
composed of numerous minute air-sacsr ancf on^secfio^OTeiy here 
and there, the air-tubes may be seen cut across. A fragment of 
lung, unless from a child that has never breathed, floats in water; 
no other tissue does this. 



Fig. 450.— Transverae section of the ebest. 


Each lung is enveloped by a serous membrane—the pleura, 
one layer of which adher es closely to its siirfacjc. and provides it 
with its .smooth and sl ip pery covCTnuf.'“wKiTeTfie other adheres to 
the inner surface^oTthe chest-wall. The continuity of the two 
layersrw ^ T T T flTO" 'a closed sac ""as in. the case of other serous 
membranes, will be best understood by reference to fig. 450. 
The appearance of a space, however, betwe en the pleura whi ch 
covers the lung (■visceral layer), and that which lines the inner 
surface of the chest (parietal layer), is inserted in the drawing 
only for the sake of distinctness. It does not really exist* The 
layers are, in health, everywhere in contact, one with the other ;. 
and between them is only just so much fluid as will ensure the 
lungs gliding easily, in their expansio n and contraction, on the 
inner surface of the parietal layer, whicF'lTnes™'fK(Tehest-wul 1. 

If, however, an opening bf made so as to permit air or fluid to 
enter the pleural sac, the'lung, in virtue of its elasticity, recoils, 
and a considerable space is left between it and the chest-wall. 
.In other words, the natural elasticity of the lungs would cause 
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them at all times t o (70ntra.pt a.wny fr om the r iba, -wprp it. nrri-fhat. 
the con traction is resisted by atmospheric press ure which bear s 



Fig. 451. - Ciliated epithelium of the human trachea. a, layer of longitudinally arranged 
elastic fibres; 6 , basement membrane ; c, deepest cells, circular in form; tl, inter¬ 
mediate elongated cells ; «, outermost layer of cells fully developed and bearing cilia, 
x 350. (Kolliker.) 


onl y on the, inner surface of the air-t ub es and air-celly. On the 
admission of air into the pleural" sac, atmospheric pressure bears 
alike on the inner and outer sur¬ 


faces of the lung, and their elastic 
recoil is no longer prevented. 

Each lung is partially sub¬ 
divided into separate portions 



Fig. 45a.—Terminal branch of a bronchial 
tube, with its infundibula and air-cells, 
from the margin of the lung of a monkey, 
injected with quicksilver, a, terminal 
bronchial twig; b b, infundibula and air- 
cells. x 10; (F. E. Schulze.) 



453 .- 
groupsj 
ft ft, ana 
c e, wit! 
nicate. 


(Two small infundibula or 
pf aiP-cells, a a, with air-cells, 
the ultimate bronchial tubes, 
1 whiqh the air-cells commu- 
From a new-born child. 

1 (Kolliker.) 


ca lled lob es; the right lung into three InbpjL a nd tfre l eft into 
two. Each of these lobes, again, is composed of a large number 
of minute p arts, called lobul es. Each pulmonary, lobule may be 
considered to be a lung in miniature, consisting as it does of a 
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braach fif, fltf 

and lymphatics, with a sparing amount of areolar tissue. 

On entering a lobule, the small bronchial tube, the structure 
of which has been just described (a, fig. 452), divides and sub¬ 
divides ; its walls at the same time becoming thinner and thinner, 
until at length they are formed only of a thin membrane of 


areolar, muscular* and elastic tissue, lined by a layer of pa vement 
epi theliu m, not..provided with cilia. "St the sahTe'T Ime, tHey~are 
altered in shape; each of the minute terminal branches widening" 


out funnel-wise, ahd its walls being pouched out irregularly into 
small saccTllar dilatations, cabled air-cells (fig. 452, />). Such a 
funnel-shaped terminal branch of the bronchial tube, with its 


group of pouches or air-cells, has been called 

(figs. 452, 453), and the irregular oblong space in its centre, with 

which the air-cells,communicate, an intercellular passag e. 

The air-cells, or air-vesIcTe^'ffi'fiy’^je^placed singly,"like recesses 


from the intercellular passage, but more often they are arranged 
in groups or even in row's, like minute sacculated tubes ; so that 


a short series of vesicles, all communicating with one another, open 
by a common orifice into the tube. The vesicles are of various 
forms, according to the mutual pressure to which they are 
subject; their walls are nearly in contact, and they vary 
from -^g- to of an inch ('5 to *3 mm.) in diameter. Their 
walls are formed of fine membrane, like those of the intercel¬ 


lular passage; this membrane is folded on itself so as to form 
a sharp-edged border at each circular orifice of communication 
between contiguous air-vesicles, or between the vesicles and the 


bronchial passages. .Numerous fibres of elastic tisrue are spread 
out between contiguous air-cells, and many of these are attached 
to the outer surface of the fine membrane of which each cell is 
composed, imparting to it additional strength, and the power of 
recoil after distension. The vesicles are lined Iry a layer of 
pavement epithelium (fig. 454), not provided with ailia. Outside 
the air vesic les, a network of pulm onary c apillaries is spread out 
80 densely ffig.^^ k 4 Jmt...the ’interspaces or meshes are even 
narrower than the vessels, which are, on an average, °f an 

inch (8g) in diameter. Between the air in the cells and the 
blood in these vessels, nothing intervenes but the thin walls, of 
the cells and capillaries; and the exposure of the blood to the 
air is the more complete, because the folds of membrane between 
contiguous cells, and often the spaces between the walls of the 
same, contain only a single 'layer of capillaries, both sides of 
which are thus at once exposed to the air. The’ arrangement of 
the capillaries is shown on a larger scale in fig. 365. 
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The: vesicles..,of adjacent lo bules .d.Q»RQt comm unicate ; bo that, 
when any bronchial tube is "closed or obstructed, the supply of 
air is lost for all the cells opening into it or its branches. 



Fig. 154.—Section of lung stfiined with silver nitrate. A. 1 )., alveolar duet or intercellular 
pasaage; S, alveolar septa • N, alveoli or air-cells, lined with large flat cells, with some 
smaller polyhedral cells; M, plaiu muscular fibres surrounding the alveolar duct. 
(Klein and Noble Smith.) 

Blood-supply .—The lungs receive blood from two sources, (a) 
the pulmonary artery, lb) the bronchial arterie s. The former 
conveys venous blood to the llWlgfi to be arterialiied, and this 
blood takes no share in the nutrition of the pulmonary tissues 
through which it passes. The branches of the bronchial 
arteries convey arterial blood for the nutrition of the walls of the 
bronchi, of the larger pulmonary vessels, of the interlobular con¬ 
nective tissue, &c.; the blood of the bronchial vessels is returned 
chiefly through the bronchial and partly, through the pulmonary 
veins. 

Lymphatics .—The lymphatics are arranged in three sets 
1. Irregular lacuna! in the walls of the alveoli or air-cells. The 
lymphatic vessels which lead from these accompany the pul¬ 
monary vessels towards the root of the lung. 2. Irregular anas¬ 
tomosing spaces in the walls of the bronchi. 3. Lymph-spaces in 
the pulmonary pleura. The lymphatic vessels from all these 
irregular sinuses pass in towards the root of the lung to reach the 

bronchial glands. 



ch. xxxix] MECHANISM OF RESPIRATION. 


5*3 


Nerves. —The nerves of. the lung are to be traced from the 
anterior and posterior pulmonary plexuses, which are formed by 
,branches br^ne^1^fl!§*'ahd* > Byhipatbetic. The nerves follow the 



Fig. 455.—Capillary network of the pulmonary blood-venaels in the human lung. X 60. 

(Kiilliker.) 

course of the vessels and bronchi, and in the walls of the latter 
many small ganglia are situated. 

The Respiratory Mechanism. 

R espiration consists of.the alter nate expansion a nd cont raction 
of the thorax, by rn ^ua of w hich air is Arawn mto pr ex pefletl'' 
from the lungs. These acts are called Inspiration and Expiration 
respectively.' 

For the inspiration .of air into the lungs it is evident that all 
that is necessary is such a movement of the aidcrBEalis or floor.of 
t he chest, or of b oth, that the capacity of the interior shall be 
enlarged. ' "’Ky suclTTncrease of capacity there will be a diminution 
of the pressure of the air in the lungs, and a fresh quantity will 
enter through the larynx and trachea to equalise the pressure on 
the inside and outside of the chest. 

For the expiration of air, on the other hand, it is also evident 
that, by an opposite movement which shall diminish the capacity 
of the chest, the pressure in the interior will be increased, and 
air will be expelled, until the pressure within and without the 
chest are again equal. In both cases the air passes through the 
trachea and larynx, whether in entering or leaving the lungs, 
there being no other communication with the exterior of the 

K.P. l L 
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body; and the lung, for the same reason, remains, under all the 
circumstances d escribed, closely in cputact with the wall s and floor 
o f the g host- %V> 'wpRa!tr^y expansion of the "chest, is to speak 
also of expansion of the lung. The movements of the lung ar,e 
therefore passive ,. not active, a nd depencTon the movements" of the 
cl osed cavity in w bTnb thryTare co ntain ed. .A perforation of the 
chest-wall would mean that the lung in that side would no longer 
be of use ; a similar injury on the other side (double pneumo¬ 
thorax) would cause death. If the two layers of the pleura were 
adherent, those portions of the lung would be expanded most where 
the movements of the chest are greatest. The existence of the 
two layers prevents this, and thus the lung is equally expanded 
throughout. 

Inspiration.—The enlargement of the chest jp ,inspiration is 
a muscular act; the effect of the action of the inspiratorylnuscIS 
tin increase in the size of the chest cavity (a) in the vertical, 
and (/>) in the lateral and antero-posterior diameters. The 
muscles engaged in ordinary inspiratio n are the diaphragm : the 
extern al intcrcosta ls; parts of the internal igt orco stals ; th q leva- 
tore s costa rum; and serratu s posticus sup erior. 

(« 7 ) The vertical diameter of the chest is increased by the co n- 
tracticuuand.consequent descent of the diaphragm ; at rest, the 
diaphragm is dome-shaped with the convexity upwards; the 
central tendon forms a slight depression in the middle of this 
dome. On contraction the muscular fibres shorten and so the 
convexity of the double dome is lessened. The central tendon, 
which was formerly regarded as remaining fixed, is drawn down a 
certain distance, but the chief movement is at the sides. For the 
effective action of this muscle, its attachment to the lower ribs is 
kept fixed by the contraction of the quadratus lumborum. The 
dia phragm ^ uaphedJ ^. . th aj^ < w ^ k. iierves. 

(6.) The increase in the lateral and antero-posterior diameters of 
the chest is effected by the raising of the jibs, the upper ones 

b'erngHGExed ' by the.scalem.' Tile “greater number of the ribs are 

attached very obliquely to the spine and sternum. 

The elevation of the ribs takes place both in front and at the 
Bides—the hinder ends being prevented from performing any 
upward movement by their attachment to the spine. The move¬ 
ment of the front extremities of the ribs is of necessity accom¬ 
panied by an upward and forward movement of the sternum to 
which they are attached, the movemen t hemg greater at the 
lower end than at the upper end of the latter tone. 

The axes of rotation in these movements are two; one corre¬ 
sponding with a line drawn through the two articulations which 
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the rib forms with the spine (a, b, fig. 456); and the other with 
a line drawn from one of these (head of rib) to the sternum 



Fig. 456.—Diagram of axes of movement of ribs. 

(A B, fig. 456) ; the motion of the rib around the latter axis 
being somewhat after the fashion of raising the handle of a 
bucket. 



Fig. 457.—Diagram of movement of a rib in inspiration. 


The elevation of the ribs is accompanied by a slight opening 
out of the angle which the bony part forms with its cartilage (fig. 
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457, A); and thus an additional means is provided for increasing' 
the aotero- posterio r diameter of the chest. 

The muscles by which the ribs are raised, in ordinary quiet 
inspiration, are the external intercostals, and that portion of the 
internal intercostalt which is situate between the costal cartilages; 
and these are assisted by the levatores costarum, and the serratus 
posticus superior. The action of the levatores and the serratus is 
very simple. Their fibres, arising from the spine as a fixed point, 
pass obliquely downwards and forwards to the ribs, and neces¬ 
sarily raise the latter when they contract. The action of the 
intercostal muscles is not quite so-simple, inasmuch as, passing 
merely from rib to rib, they seem at first sight to have no fixed 
point towards which they can pull the bones to which they are 
attached. 

In tranquil breathing, the ex pansive movements of the lower 
part of the chest are greater than those nf the n p p^r- TYi 'forced 
inspiration, on the other hand," iTTe* ’greatest extent of movement 
appears to be in the upper antero-posterior diameter. 

In extraordinary or forced inspiration, as in violent exercise, or 
in cases in which there is some interference with the due entrance 
of air into the chest, and in which, therefore, strong efforts are 
necessary, other muscles than those just enumerated, are pressed 
into service. It is impossible to separate by a hard-and-fast line 
the muscles of ordinary from those of extraordinary inspiration ; 
but there is no doubt that the following are but little used as 
respiratory agents, except in cases in which unusual efforts are 
required—the stemomastoid, the serratus magnus, the pectorales, 
and the trapezius. 


The expansion of the chest in inspiration presents some pecu¬ 
liarities in different persons. In young children, it is effected 
chiefly by the diaphragm, which being highly arched in expira¬ 
tion, becomes flatter as it contracts, and, descending, presses on 
the abdominal viscera, and pushes forward the front walls of the 
abdomen. The movement of the abdominal walls being here 
more manifest than that of any other part, 

the abdo minal, typ e of respiratio n. In men, together with the 
descenT of the mapnragm, and the pushing forward of the front 


wall of the abdomen, the chest and the sternum are subject to a 
wide movement in inspiration ( inferior costal type). In women, 
the movement appears less extensive in the Tower, and more so 


There are also differences m different animals. In the frog, for 
example, the air is forced into the lungs by the raising of the 
floor of the mouth, the mouth and nostrils being closed. , 
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expiration. —From the enlargement produced in inspiration, 
the chest and lungs return in ordinary tranquil expiration, b y 
tfeeirelasticit^-; the force employed by the inspiratory muscles 
in custenciing the chest and overcoming the elastic resistance of 
the lungs and chest-walls, being returned as an expiratory effort 
when the muscles are relaxed. This e lastic recoil o f till? nn ^ 
liyigs is sufficient, in ordinary quiet breathing, to expel air from 
t he lungs, in the intervals of inspira ti on, and no muscular pow er 
i§JE^uked. In all voluntary expiratory efforts, however, as in 
speaking, singing, blowing, and the like, and in many involuntary 
actions also, as sneezing, coughing, etc., something more than 
merely passive elastic power is necessary, and the proper expira¬ 
tory muscles are brought into action. By far the chief of . these 
are the abdominal muscles, which, by pressing on the viscera of 
the abd6riira7^SsE~up' _ The floor of the chest formed by the dia¬ 
phragm, and by thus making pressure on, the lungs, expel air 
from them through the trachea and larynx. All muscles, however, 
which depress the ribs, must act also as muscles of expiration, 
and therefore we must conclude that the abdominal muscles are 
assisted in their action by the interosseous part of the intern ed 
inter-costals, the triangularis sterni, the serratus posticus- inferior, 
and quadratus, Lumborum. When by the efforts of the expiratory 
muscles, the chest has been squeezed to less than its average 
diameter, it again, on relaxation of the muscles, returns to the 
normal dimensions by virtue of its elasticity. The construction 
of the chest-walls, therefore, admirably adapts them for recoiling 
against and resisting as well undue contraction as undue dilatation. 

In the natural condition of the parts, the lungs can nevei 
contract to the utmost, but are always more or less “on the 
stretch,” being kept closely in contact with the inner surface of 
the walls of the chest by cohesion as well as by atmospheric 
pressure, and can contract away from these only when, by some 
means or other, as by making an opening into the pleural cavity, 
or by the effusion of fluid there, the pressure on the exterior and 
interior of the lungs becomes equal. 


Methods of recording’ Respiratory Movements. 

The movements of respiration may be recorded graphically in several 
ways. One method is to introduce a tube into the trachea of an animal 
and to connect this tube by some gutta-percha tubing with a T-piece intro 
duced into the cork of a large-siz^d bottle, the other end 'of the T having 
attached to it a second piece of tubing, which can remain open or can be 
partially or completely closed by means of a screw clamp. Into the cork if 
inserted a second piece of glass tubing connected with a Marey’s tamboui 
by suitable tubing. This second tube communicates any alteration of the 
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Fig. 458.—Btethograph. ft, tambour fixed at right angles to plate of stepl /; e 
and d, arms by which instrument is attached to chest by belt e. When the 
chest expands, the arms are pulled asunder, which bonds the steel plate, and 
the tambour is affected by the pressure of ft, whioh is attached to it on the one 
hand, and to the upright in connection with horizontal screw g. (Modified 
from Marey’s instrument.) 



Fig. 459.—Btethograph. (Burdon-Sanderson.) 
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pressure in the bottle to the tambour, and this may be made to write on a 
recording surface. 

There are various instruments for recording the movements of the chest by 
application of apparatus to the exterior. Such is the stethograph of Burdon- 
SanderBon. This consists of a frame formed of two parallel steel bars joined 
by a third at one end. At the free end of the bars is attached a leather 
strap, by means of which the apparatus may be suspended from the neck. 
Attached to the inner end of one bar is a tambour and ivory button, to the 
end of the other an ivory button. When in use, the apparatus is suspended 
with the transverse bar posteriorly, the button of the tambour is placed on 
the part of the chest the movement of which it is desired to record, and the 
other button is made to press upon the corresponding point on the other side 
of the chest, so that the chest is, as it were, held between a pair of callipers. 
The tambour is connected by tubing and aj-pieco with a recording tambour 

-n-n-n_ n .. n n 



Fig. 460.—Tracing of the normal diaphragm respirations of rabbit, a , with quick move¬ 
ment of drum, b, with slow movement, j, inspiration; a, expiration. To be read 
from left to right. (Marckwald.) 

• 

and with a ball, by means of which air can be squeezed into the cavity of 
the tympanum. When in work the tube connected with the air ball is shut 
ofE by means of a screw- clamp. The movement of the chest is thus com¬ 
municated to the recording tambour. 

A simpler form of this apparatus consists of a thick india-rubber bag of 
elliptical shape about three inches long, to one end of which a rigid gutta¬ 
percha tube is attached. This bag may be fixed at any required place on 
the chest by means of a strap and buckle. By means of the gutta-percha 
tube the variations of the pressure of air in the bag produced by the 
movements of the chest are communicated to a recording tambour. This 
apparatus is a simplified form of Marey’s stethograph (fig. 458). 

The variations of intrapleural pressure may be recorded by the intro¬ 
duction of a cannula into the pleural or pericardial cavity, which is con¬ 
nected with a mercurial manometer. 
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Finally, it has been found possible in various ways to record the dia¬ 
phragmatic movements by the insertion of an elastic bag connected with a 
tambour into the abdomen below it (phrenogTaph), by the insertion of 
needles into different parts of its structure, or by recording the contraction 
of isolated strips of the diaphragm. Such a strip attached in the rabbit to 
the xiphisternal cartilage may be detached, and attached by a thread to a 
recording lever. This method was largely used by Head ; the strip of the 
diaphragm serves as a sample of the diaphragm. 

Fig. 460 shows a tracing obtained in this way ; but in tracings taken with 
a stethograph, or any of the numerous arrangement of tambours which are 
applied to the chest-walls of men and animals, the large up-and-down 
strokes due to the respiratory movements have upon them smaller waves due 
to heart-beats. 

9 - 

The acts of expansion and contraction of the chest ta ke up 
under ordinary circumstances a nearly equal time. The act of 
inspiring air, however, especial ly in women and child ren, is a little 
shor ter than that of expellin g it, anT tKere is corflHlWfily 1 a very 
slight pauseTKetween the end of expiration and the beginning of 
the next inspiration. The respiratory rhythm may be thus 
expressed:— 

Inspiration .. 6 

Expiration . . . . . . 7 or 8 

A very slight jiunxc. 

If the ear be placed in contact with the wall of the chest, or be 
separated from it only by a good conductor of sound or stetho¬ 
scope, a fai nt res pirator y or vesicular murmu r is tjiiyin g 

inspiration. 'Tins soiuirTvancs"somewhat in different parts—being 
loudest or coarsest in the neighbourhood of the tracfoea and larire 
bronchi (tracheal and bronch ial breathing), and fading off into a 
faint sighing as tKe ’ear is placed at a distance from these (vesi- 
cular breathing). It is best heard in children, and in them a 
fa int murmur i s heard in expiratio n als o. The cause ~'oT"the 
vesicular murmur^hliF^^elveaVarious explanations; but most 
observers hold that the sound is produced by the air passing 
through the glottis and larger tubes, and that this sound is 
modified in its conduction through the substance of the lung. 
The alterations in the normal breath sounds, and the various 
additions to it that occur in different diseased conditions, can only 
be properly studied at the bedside. 

Respiratory movements of the Nostrils and of the Glottis .— 
During the action of the muscles which directly draw air into the 
chest, those which guard the opening through which it enters 
are not passive. In hurried breathing the 
tiop of the.nostrils is well $een, although under ordinary con¬ 
ditions it may not be noticeable. The opening at the upper 
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part of the larynx, however, or rima glottidis, is dilated at each 
inspiration for the more ready passage of air, and becomes 
smaller at each expiration ; its condition, therefore, corresponding 
during respiration with that of the walls of the chest. There is 
a further likeness between the two acts in that, under ordinary 
circumstances, the dilata tion of the rima glottidis is-a muscular 
act and.its.iiar4^wiiig^cQefly-ftn elastic--recoil. 

Terms used to Express Quantity of Air breathed.— 
a. Br eathing or tidal air , is the quantity of air which is habitually 
and al most u niformly changed in each act of breat hing . In a 
healthy adult man it is about 30 cubic inches, or about 500 com., 
or half a litre. It will be seen* "tfhat!"tliis amount of air is not 
nearly sufficient to fill the lungs; in fart it only p as ses into the 
upper respiratory passages ; the air finds its way into the alveoli 
By the much slow er p rocess of diffusion the oxygen diffusing 
downwaxd%^md the carbonic acid diffusing upwards. 

b. Compl ementa l air, is_tjje quantity over and above, this which 
can be drawn_i nto ^the l uq g n in _the deepest inspiration; its 
amount varies, but it may be reckone d as iyo cubic inches , or 
about 1,600 ccm. 

c. Reserve or supplemental air .—After oydi parv expir ation, such 
as that which expels the breathing or tidal air, a certain quantity 
of abnnh jr.n cubic i nches (1,600 ccm.) remains in the lungs, 
which may be expelleaBy^fCfireilffe and deeper expiration. This 
is tonned reserve or supplemental air. 

d. Residual air is the quantity which still re mai ns in the lungs, 
after the most violentT expiratory effort. Its amount depends in 
great measure on the absolute size of the chest, but may be 
estimated at abo ut 100 cubic inches, or about 1,600 ccm.. to 
2,000 ccm. ^ 

The total quantity of air which passes into and out of the 
lungs of an adult, at rest, in 24 hours, is about 686 ,000 cubi c 
inches. This quantity, however, is largeIy'mcre^e^by *excr?[on ; 
the average amount for a hard-working labourer in the same time 
being 1,568,390 cubic inches. 

e. Respiratory or Vital Capacity. — The greatest respiratory 
capacityml-i he chest.is indicated bv the Quantity of air which a 
person ca n expel from his lungs by a forcib le rvpirati^aftflr the 
de epcsGhs piratinn po^hfe." The average capacity of an adult, 
at 15*4° C. ( 6 o° F.), is about 225 to 250 cubic inches, or 3,500 
to 4,000. ccm. It is the sum of # the complemental, tidal, and supple¬ 
mental air. 

The respiratory capacity, or as John Hutchinson called it, vital capacity, 
is usually measured by a modified gasometer or spirometer, into which the 
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experimenter breathes,—making the most, prolonged expiration possible 
after the deepest possible inspiration. The quantity of air which is thus 
expelled from the lungs is indicated by the height to which the air-chamber 
of the spirometer rises ; and by means of a scale placed in connection with 
this, the number of cubic inches is read off. 

In healthy men, the respiratory capacity varies chiefly with 
t he stature, weight, and age . 

It was found by Mutchmson, from whom most of our informa¬ 
tion on this subject is derived, that at a temperature of 15 '4° C. 
(6o° F.), 225 cubic inches is the average vital or respiratory 
capacity of arhCalthy person, five fqet seven inches in height. 

Circumstances affecting the amount of respiratory capacity .—For every 
inch of height above this standard the_capaci±y. is increased, on an average, 
by fl i ght■ j ifl flhe s ; and for every inch below, it is diminisKedby ffee 

same amount. 

The influence of weight on the capacity of respiration is less manifest and 
considerable than that of height; and it is difficult to arrive at any definite 
conclusions on this poin Mt t aiai i ae ^e natural, ,am^»W.eight ,o|^ah|althy 
man in r elation to,s}ature_ has not yet been determined. As a general stfEte- 
fHCTir'TOWever^ it*may 15 c said that thfe tfap’acitybr respiration is not affected 
by weights under 161 pounds, or 11ft .stamps ; but that,, above t his point. {tls 
diminished at the rate of one cubicTncnior every additional pound up’to. 
106 pounds or ia stone s.. 

By increased from about the j^y^h J&jUj# ,thtfty- 

nfth. year, at the rate of five cubic mehesper year ; from thirty-five to sixty- 
five it diminishes at the rate of about one and a half cubic inch per year ; so 
that the capacity of respiration of a man of sixty years old would be about 
30 cubic inches less than that of a man forty years old, of the same height 
and weight. 

Sex .—The vital capacity of an adult man to that of a woman of the same 
height is 10 to 7. (John Hutchinson.) 

The number of respirations in a healthy adult person usually 
ranges from 14 to 18 p er min ute. It is gr eater in infancy and 
childh ouu. It i yBH8firaIso' l ^nueh according to different circum¬ 
stances, such as exercise or rest, health, or disease, etc. Varia¬ 
tions in the number of respirations correspond ordinarily with 
similar variations in the pulsations of the heart. In health the 
proportion is about x to a. o r } to c . and when the rapidity of 
the heart’s action is increased, that^’oF'tFe cnest movement is 
commonly increased also ; but not in every case in equal propor¬ 
tion. It happens occasionally in disease, especial^ujLjUhAJw^ 
or air-pas sages, that the number of respiratory acts increases in 
q uicker prop ortion than the beats of the pvtseff and, in "other 
afiectKmi^muck^more commonly, that the number of ithjyjjjijjjje- 

...tlMe., jeeupirations. 

TheWorce of Inspiratory and Expiratory Muscles.-— The force 
with which the inspiratory muscles are capable of acting is 
greatest in individuals of the hrigtit of from fi ve feet s even 
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inches to five feet eight inches,, and. will elevate a column of 
neafflTlitg^^ m m.) of mer cury. Above this 

height tReTorce decreases as stature increases; so that the 
average of men of six feet can elevate only about two and a half 
inches of mercury. The force manifested in the strongest expira¬ 
tory acts is, on the average, one-third greater than that exercised 
in inspiration. But this difference is in great measure due to the 
power exerted by the elastic reaction of the walls of the chest; 
and it is also much influenced by the disproportionate strength 
which the expiratory muscles attain, from their being called into 
use for other purposes than that of simple expiration. The force 
of the inspiratory act is, therefore, better adapted than that of 
the expiratory for testing the muscular strength of the body. 
(John Hutchinson.) 

In ordinary quiet breathing, there is a negative pressure of 
only 1 mm. during inspiration, and a positive pressure of from 2 
to 3 mm. mercury during expiration. 

The instrument used by Hutchinson to gauge the inspiratory and expira¬ 
tory power was a mercurial manometer, to which was attached a tube fitting 
the nostrils, and through which the inspiratory or expiratory effort was 
made. 

The greater part of the force exerted in deep inspiration is 
employed in overcoming the resistance offered by the elasticity of 
the lungs. , 

The amount of this elastic resistance was estimated by observing the 
elevation of a column of mercury raised by the return of air forced, after 
death, into the lungs, in quantity equal to the known capacity of respiration 
during life ; and Hutchinson calculated, according to the well-known hydro¬ 
static law of equality of pressures (as shown in the Bramah press), that the* 
total force to be overcome by the muscles in the act of inspiring 200 cubic! 
inches of air is more than 450 lbs. 

By connecting a mercurial manometer with the interior of the pleural 
cavity, the elastic tension of the lung is found to vary from 6 mm. during 
expiration to 30 mm. during inspiration when the distension and therefore 
the tendency to recoil is greatest. 

It is possible that the contractile power which the bronchial 
tubes and air-vesicles possess, by means of their muscular fibres, 
may assist in expiration : but it is more likely that its chief 
purpose is toyegulateand adapt, in some measure, the quantity 
of air a dmitted to the lungs, and to each part of them, according 
to the supply of blood: t he ipuBcular t issu e al so contracts upon 
and gradually expels collections of muc us, which may have 
accumulated within the tubes, and which cannot be ejected by 
forced expiratory efforts, owing to collapse or other morbid condi- 
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tions of the portion of lung connected with the obstructed tubes 
(Gairdner). 


The Nervous Mechanism of Respiration. 


In the central nervous system there is a specialised small 
district called the Respiratory centre. This gives out impulses 
which travel doVn lTnr^f^ the branches of the spinal 

nerves that innervate the muscles of respiration. It also receives 
various afferent fibres, the most important of which are contained 
in the trunk of the vagus. T he vagu sJs_chi gfljy an.-af foiymt^nArvc 
in relation to respiratio n. 11^however, also Is in a minor degree 
efferent,for it supplies the muscular tissue of the lungs and 
bronchial tubes, and exercises a trophic influence on the lung. 

The respiratory centre was discovered by Floureus : it is situat ed 
at t he tip of the calamus scri ptorius. and almost exactly coincides 
I n' position with the centre of the vagus. The ex!i*tehce""of~sub- 
sidiary respiratory centres in the spinal cord has been mooted, 
but the balance of experimental evidence is against their existence. 
Flourens found that when the re spiratory centre ; jft 
respiration at once ceases, and the animal dies. He therefore 
called it the “ vital knot ” (noeud vitale). 

f The centre is affected not only by the afferent impulses which 
reach it from the vagus, but also by*those from the cerebrum ; so 
; that we have a limited amount of voluntary control over the 
> respiratory movement. 

y, The sensory nerves of the skin have also an effect. The action 
of the cold air nn jfrA hndy ft yhiM i« no rtnntW. Jfce 

princi pal afferent cause of the first re spirations. During fetal 
life, thVlneed'of-^^mbfybTor oxygen is very small, and is amply 
met by the transference of oxygen from the maternal blood 
through the thin walls of the fetal capillaries in the placenta. 
The applicati on of cold wa^ .toJhs.^kiaudwavB causes a deep 
in spiratio n; this is another instance of the reflex effect whi ch 
follows stimulation of the cutaneo us nerves. sjimuTation of t he 
centr al end, of the’ splanchnics cauSSs.expiration. S timulation of 
the central end of the glosso-pharyngeal caus esinhibition of t he 

nft r firin ^ ; this accodfitnoT the 
v®ry necessary cessation of breathing during swallowing. Stimu¬ 
lation of the peripheral end of the cut superior laryngeal nerve, or 
of its terminations in the mucous membrane of the larynx, as 
when a crumb is “ swallowed the wrong way,” produces inhibition 
of inspiratory and increase of expiratory efforts, culminating in 
coughing. 
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These nerves, however, are none of them in constant action as 
the vagi are, and the influence of the vagus is somewhat compli¬ 
cated. Still, respiration continues after the vagi are cut. Thai 
character of the respiration becomes altered, especially if both! 
nerves are severed; it is slower and deeper. The animal, howi 
ever, lives a considerable' tlnie; a warm-blooded animal usually 

dies n ™ aa ' r nir Aaxra ’’mmnmnm , tn 

the removal of trophic influ ences from the lungs. Cold-blooded 
RTi imaiytive longer; t??^'nbitfatty degeneration of theheart- 
musele also. . ‘ ‘ 

The question has been mqph debated whether the activity of 
the respiratory cent re is automatic or j rejle x : that is to say, 
whether the rhythmic discharges proceeding from it depend 
merely on local changes induced by the condition of its blood 
supply, or on the repeated stimulations it receives by afferent 
nerves. 

There appears every reason to believe that the centre has the, 
power of automatism, but this is’ never excited under normal, 
circumstances. Normally th e respirat^ ^-prqfiggfi fa ft 


refl ex^action s. 

'he evidence in favour of the automatic activity of the centre 
is the following:— ' 

(1.) If the spinal cord-ia cut just below the bulb, respiration 
ceases, except in the case of the facial and laryngeal muscles, 
which are supplied by nerves that originate above the point of 
injury. The alae nasi work vigorously. Such respiration is not 
effective in drawing any air into the chest, and so the animal 
soon dies ; but the forcible efforts of these muscles show that the 
respiratory centre is in a state of activity sending out impulses to 
them. If the two vagus nerves are cut, these movements con¬ 
tinue ; this shows that afferent impulses from the vagus are not 
essential. As the blood gets more and more venous, the move¬ 
ments become more pronounced. The question has been much 
debated whether this increased activity of the respiratory centre 
is due to increase of carbonic acid, or decrease of oxygen in the 
blood which it receives. The balance of .evidencfc ,shows that 
the diminution in the oxygen is the m ore importai^ Jacdey~bf" 
the two. ~ .——- 

(2.) In asphyxia, one al gaYg gets great increase of respiratory 
A ctivity, called dyspno ea; this is produced By ''fhe^stimuJation of, 
jtKe^centre by vermuTblood. It is not due (or not wholly due) to 
'the action of the venous bloocf on the terminations of the vagi in 
the lungs, as the same phenomenon'occurs when these nerves are 
cut; and, moreover, dyspnoea takes place if the venous blood is 
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allowed to circulate through the brain alone, and not through the 
lungs at all. For instance, it ensues when localised venosity of 
the blood is produced in the brain by ligature of the carotid and 
vertebral arteries. 

But, as before stated, the normal activity of the respiratory 
centre is not automatic, it is reflex, and the. principal afferent 
channel is the vagus. The way in which it works has been made 
out of recent years by Marckwald, Hering and Head. The 
following is a brief rd&umt of Head’s results . 

His method of recording the'movements was by means of that 
convenient slip of the diaphragm which is found in rabbits (see 
p. 520). 

His method of dividing the vagus was by freezing it; he laid 
it across a copper wire, the end of which was placed in a freezing 
mixture. This method is free from the disadvantage which a cut 
with a knife or scissors possesses, namely, a stimulation at the 
moment of section. On dividing one vagus, respiration became 
slightly slower and deeper; On dividing the second nerve, this 
effect was much more marked. 

On exciting the central end of the divided nerve, inspiratory 
efforts increased until at last the diaphragm came to a standstill 
in the inspiratory position. But if a weak stimulus was em¬ 
ployed, the reverse was the case ; the expiratory efforts increased, 
inspiration becoming smaller and smaller, until at last the 
diaphragm stopped in the position of expiration. This result 
always follows stimulation of the superior laryngeal nerve. 

Most of these facts were known previously, but the interpreta¬ 
tion of them, in the light of further experiments immediately to 
be described, is the following : 

That there are in the vagus two. sets of fibres, one which pro¬ 
duces an increased activity of the inspiratory part of the respira¬ 
tory centre, and the other an increased activity of the expiratory 
part of that centre. Stimulation of the first stops expiration and 
produces inspiration; stimulation of the second does the reverse. 

The question now is, What is it that normally produces this 
alternate stimulation of the two sets of fibres ? If we discover this 
we shall discover the prime moving cause in the alternation of the 
inspiratory and expiratory actB. It was sought and found in the 
alternate distension and contraction of the air-vesicles of the lungs 
where the vagus terminations are situated. 

In the first, experiments positive ventilation was performed; 
that is, air was pumped repeatedly into the lungs, and so in¬ 
creased their normal distension ; this was found to decrease the 
inspiratory contractions of the diaphragm, until at last they ceased 
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altogether, and the diaphragm stood still in the expiratory- 
position (fig. 461, A). 

In the second series of experiments, negative ventilation was 
performed; that is, the air was pumped repeatedly out of the 
lungs, and a condition of collapse of the air-vesicles produced. 
This was found to increase the inspiratory contractions of the 
diaphragm, expiration became less and less, and at last the 
diaphragm assumed the position of inspiratory standstill (fig. 
461, B). 

Distension of the-air-vesicles therefore stimulates the fibres of 



Fig. 461.—Tracings of diaphragm. The upward movements of the tracings represent 
inspiration; the downward movements, expiration. A, result of positive, B, of 
negative ventilation. (After Head.) 

the vagus which.jtnnulftte .the expiratory phase of respiration; 
collapse^tlmulates those which stimulate the inspiratory phase. 

OrdnmTV -rRspiratio^ is., iffl alternate positive and negative 
venti lation, though not so excessive as in the experiments just 
described. Inspiration is positive ventilation, and so provides the 
nervous mechanism of respiration with a stimulus that leads to 
expiration. Expiration is a negative ventilation, and so provides 
the stimulus that leads t o inspiration. 

Ajyicaa--—if positive ana negati ve ventilation are used to¬ 
gether rapidly and alternately at a rate quicker than the 
respiratory rhythm, both inspiratory and expiratory processes are 
inhibited, and the respiration ceases for a short time. This 
follows naturally from the expSriments previouslydescribed. This 
can be done on an animal with a pair of bellows fixed to a tube 
in the trachea; or voluntarily by oneself, taking a number of 
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deep breaths rapidly. This condition, called apnaea, is not due, 
as at one time supposed, to over-oxygenation of the blood, but is 
produced reflexly. It is observed if inert gases, like nitrogen or 
hydrogen, are used instead of air. The pause, however, is shorter, 
as the blood becomes venous, and in a short time stimulates the 
respiratory centre to activity. 


Special Respiratory Acts. 

Coughing .—In the act of coughing there is first of all a deep 
inspiration, followed by an expiration ; but the latter, instead of 
being easy and uninterrupted, as in normal breathing, is ob¬ 
structed, the glottis being momentarily closed by. the, app ro^in a- 
t ipq of th.e yocal cords- The abdominal muscles, then strongly 
acting, push up the viscera against the diaphragm, and thus 
make pressure on the air in the lungs until its tension is sufficient 
t o qqisily open the vocal .cqj^s which oppose its, .outward passage. 
In this way considerable force iff exercised, and mucus or any 
other matter that may need expulsion from the air-passages is 
quickly and sharply expelled by the outstreaming current of air. 
The act is a reflex one, the sensory surface which is excited being 
the mucous membrane of the larynx, and the superior laryngeal 
nerve is the afferent nerve ; stimulation of"*T 5 fEer”parts of the 
respiratory mucous membrane will also produce cough, and the 
point of bifurcation of the trachea is specially sensitive. Other 
sensory surfaces may also act as the “ signal surface &/$or a cough. 
Thus, a cold draught on the skin, or tickling the external auditory 
meatus, in some people will set up a cough. 

The question has been discussed whether such a thing as a 
stomach cough exists; it has not been produced experimentally, 
but there is no reason why irritation of the gastric mucous mem-' 
brane, supplied as it is by the Y.agus, shoal d .U.Qt lause the reflex 
a ct of jeo mdung. 

sneezing .—The same remarks that apply to coughing, are 
almost exactly applicable to the act of sneezing; but, in this 
instance, the blast of air, on escaping from the lungs, is directed, 
by an instinctive contraction of the pillars of the fauces' and 
descent of the soft palate, chiefly through the nose, and any 
offending matter is thence expelled. 

The signal surface is usually the nasal mucous membrane, but 
here, as in coughing, other causes 1 (such as a bright light) will 
sometimes set the reflex going. 

Hiccough is an involuntary sudden contracti on of the diaphrag m 
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causing an inspiration which is suddenly arr ested bv the clos ure 
of the glottis, causing a characteristic sound. Tt nrincfi frvni- 
gastric irr itation. 

Snoring is due to vibration of the soft palate. 

Sobbing consists of a series of convulsive inspirations at the 
moment of which the glottis is partially closed. 

Sighing and Yaivning ammonal, ioripg inapira^n. the 
latter associated with stretching movements of jaws and limbs. 
Thev appear to be efforts of nature to correct bv an extra deep 
inspiration, the venosity of the blood due to inact ivity produced 
.by ennui or grief. Their c haracte r is due to sympathy. 

Among abnormal disturbances of the nervous mechanism of 
respiration, the following diseases must be mentioned: laryn¬ 
gismus stridulus, asthma, and whooping cough. 

Cheyne-Stokes respiration is due to rhythmical activity of the 
respiratory centre. It reminds one somewhat of the Traube- 



Fig. 462.—Cheyne-Stokes respiration. 

Hering waves due to a similar rhythmical activity of the vaso¬ 
motor centre. It is seen in many nervous diseases and in fatty 
degeneration of the heart. A typical tracing of the condition is 
given above (fig. 462). It is seen to a slight extent during 
ordinary sleep, and is very marked in hibernating animals. 


t/fr he Effect of Bespiration. on the Circulation. 

As the heart, the aorta, and pulmonary vessels are situated in 
the air-tight thorax, they are expose d to a certa in alteration of 
p ressure w hen the capacity of the latter is mcrease<r*TffTfiS^fra~ 
tion; for although the expansion of the lungs tends to counter¬ 
balance this increase of area, it never does so entirely, since part 
of the pressure of the air which is drawn into the lungs through 
the trachea is expended in overcoming their elasticity. The 
amount thus used up increases as the lungs become more and 
more expanded, so that the pressure inside the thorax during 
inspiration, as far as the heart and great vessels are concerned, 
never quite equals that outside, and at the conclusion of inspire 
tion is considerably less than the atmospheric pressure. It has 

K.P. m M 
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been ascertained that the amount of the pressure used up in the 
way above described, varies from s, or 7 mm. of mercury during 
the pause, t o ,30 m m. of mercury when the lungs are expanded at 
the end of a deep inspiration, so that it will be understood that 
the pressure to which the heart and great vessels are subjected 
td iminish es as inspiration progresses, and at its minimum is less 
uy 30 mnvT^ban the normal pressure, 760 rum. of mercury. 



Kg. 463.—Diagram of an apparatus illustrating the effect of inspiration upon the heart 
and great vessels within the thorax. ■ I, the thorax at rest; II, during inspiration; 
n, represents the diaphragm when relaxed; r>\ when contracted (it must be re¬ 
membered that this position is a mere diagram), i.e., when the capacity of the thorax 
is enlarged ; H, the heart; v, the veins entering it, and a. the aorta ; nl, hi, the right 
and left lung; t, the trachea; m, mercurial manometer in connection with pleura. 
The increase in the capacity of the box representing the thorax is seen to dilate the 
heart as well as the lungB, and so to pump in blood through v, whereas the valve 
prevents reflex through a. The position of the mercury in it shows also the suction 
which is taking place. (Landois.) 


It will be understood from the accompanying diagram how, 
that if there were no lungs in the chest, if its capacity were 
increased, the effect of the increase would be expended in pumping 
blood into the heart from the veins. With the lungs placed as 
they are, during inspiration the pressure outside., the heart an d 
great vessels' is~ dithmlsbed,"and"iRey have tlierefore a ten dency 
to expand” and to diininish the intra-vascular pressureT The 
diminution of pressure within the veins passing to the right 
auricle and within the right auricle itself, will draw the blood 
into the thorax, and so assist the circulation. This suction action 
is independent of the suction power of the diastole of the auricle 
about which we have previously spoken. The effect of sucking 
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more blood into the right auricle will, cceteris paribus, increase 
the amount passing through the right ventricle, which also exerts 
a similar suction action, and through the lungs into the left 
auricle and ventricle, and thus into the aorta. This all tends to 
increase the blood-pressure. The effect of the diminished pressure 
upon the pulmonary vessels will also help towards the same end, 
an increased flow' through the lungs, so that, as far as the 
heart and its veins are concerned, ips^iy ^tion increases 1;he blood- 
pressure in the arterie s. The effect of inspiration upon the 
aorta r anct'" r£s 'Tranches within the thorax would be, however, 
the contrary ; for as the pressure outside is diminished, the vessels 



Fig. 464.—Comparison of blood-pressure curve -with curve of mtra-thoraeic pressure. (To 
be read from left to right.) <1 is the curve of blood-pressure with its respiratory undu¬ 
lations, the slower beats on the descent being very marked; ft is the curve of intrtu- 
thoracic pressure obtained by connecting one limb of a manometer with the pleural 
cavity. Inspiration begins at i and expiration at e. The mtra-thoraeic pressure rises 
very rapidly after the cessation of the inspiratory effort, and then slowly falls as the 
air issues from the chest: at the beginning of the inspiratory effort the fall becomes 
more rapid. (M. Foster.) 


would tend to expand, and thus to diminish the tension of the 
blood within them, but inas muc h as the large arteries are capa ble 
of litilfi_expausio» beyond-their natural o.alibye, the diminution of 
the arterial tension caused by this means would be insufficient to 
counteract the increase of blood-pressure produced by the effect 
of inspiration upon the veins of the chest, and the balance of the 
whole action would be in favour of an increase of blood-pressure 
during the inspiratory period. But if a blood-pressure tracing 
be taken at the same time that the respiratory movements are 
being recorded, it will be found that, although speaking generally, 
the arterial tension is increased during inspiration, the maximum 
of arterial tension does not correspond with the acme of inspira¬ 
tion (fig. 464). In fact, at the beginning of inspiration the 

mm2 
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pressure continues tp fall, then gradually rises until,.the end'of 
Inspiration, and continues to do so for some tiipe after expiration 
has commenced. 

As regards the effect of expiration, the capacity of the chest is 
diminished, and the intra-thorac ic pressure retu rns to the normal, 
which is not exactly equal to the atmospheric "presiureT'' 'The 
effect of this on the veins is to increase their extra-vascular and 
so their intra-vascular pressure, and to diminish the flow of 
blood into the left side of the heart, and with it the general 
blood-pressure, but this is almost exactly balanced by the neces¬ 
sary increase of arterial tension caused by the increase of the 
extra-vascular pressure of the aorta and large arteries, so that the 
arterial tension is not much affected during expiration either way. 
Thus, ordinary, expi r ation does not ft dlutinet. nhat.wntinn 

to the circulation, as even when the expirati on is at an end t he 
intra-thoracic pressure is less than the extra-thoracic. 

The effect of violent expiratory efforts, however, has a distinct 
action in. as 

seen in the blueness of the face from congestion in straining ; 
this condition being produced by pressure on the small pulmonary 
vessels. 

We may summarize this mechanical effect of respiration on the 
blood-pressure therefore, and say th at inspiration aids th e cir cula- 
tion and so increases, the arterial tension, and that although expi¬ 
ration does not materially aid. the circulation, yet under ordinary 
conditions neither does it obstruct it. Under extraordinary con¬ 
ditions, however, as in violent expiration, the circulation is 
decidedly obstructed. 

We have seen, however, that there is no exact correspondence 
between the point of highest blood-pressure and the end of 
inspiration, and we must suppose that there are other mechanical 
factors, such, for example, as the effect of the abdominal move¬ 
ments, both in inspiration and in expiration, upon the arteries and 
veins within the abdomen and of the lower extremities, and the 
influence of the varying intra-thoracic pressure upon the pulmonary 
vessels, both of which ought to be taken into consideration. As 
regards the first of these, the effect during inspiration—as the 
cavity of the abdomen is diminished by the descent of the 
diaphragm—should be two-fold : on the one hand, blood would 
be sent upwards into the chest by compression of the vena cava 
inferior; on the other hand, the passage of blood downwards from 
the chest in the abdominal aorta, and upwards in the veins of the 
lower extremity, would be to a certain extent obstructed. In 
ordinary expiration all this would be reversed, but if the abdominal 
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muscles are violently contracted, as in extraordinary expiration, 
the same effect would be produced as by inspiration. The effect 
of the varying intra-thoracic pressure which occurs during inspira¬ 
tion upon the pulmonary vessels is to produce an initial dilatation of 



Fig. 465.—Traube-Hering’s curves. (To be read from left to right.) The curves 1, 2, 3, 4 
and 5 are portions selected from one continuous tracing forming the record of a pro¬ 
longed observation, so that the several curves represent successive stages of the same 
experiment. Each curve is placed in its proper position relative to the base-line, "which 
is omitted ; the blood pressure rises in stages from 1 to 2, 3, and 4, but falls again in 
stage 5. Curve 1 is taken from a period when artificial respiration was being kept up, 
but the vagi having been divided, the pulsations on the ascent and descent of the undu¬ 
lations do not differ; when artificial respiration ceased these undulations for a while 
disappeared, and the blood pressure rose steadily while the heart-beats became slower. 
Soon, as at 2, new undulations appeared; a little later, the blood-pressuTe was still 
rising, the heart-beats still slower, but the undulations still more obvious (3); still 
later (4), the pressure was still higher, but the heart-beats were quicker, and the 
undulations flatter, the pressure then began to fall rapidly (5). and continued to fall 
until some time after artificial respiration was resumed. (M. Foster.) 

both artery and veins, and this delays for a short time the passage 
of blood towards the left side of the heart, and the arterial pressure 
falls, but the fall of blood-pressure is soon followed by a steady 
rise, since the flow is increased by the initial dilatation of the 
vessels: the converse is the case with expiration. As, however, 
the pulmonary veins are more easily dilatable than the pulmonary 
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artery, the greater distensibility increases the flow of blood as 
inspiration proceeds, whilst during expiration, except at its 
beginning, this property of theirs acts in the opposite direction, 
and diminishes the flow. Thus, at the beginning of inspiration 
the diminution of blood-pressure, which commenced during expira¬ 
tion, is continued, but after a time the diminution is succeeded 
by a steady rise ; the reverse is the case with expiration—at first 
a rise and theft a fall. 

The effect of the nervous system in producing rhythmical 
alterations quite independent of the mechanically caused undula¬ 
tions of the blood-pressure is two-fold. In the first place tin 
cardio-inhilitory centre is stimulated during the fall of blood, 
pressure, and produces a slower rate of heart-beat, which will h# 
noticed in the tracing (fig. 464). The undulations during thq 
decline of blood-pressure are therefore longer but less frequent. 
This effect disappears when, by section of the vagi, the effect of 
the centre is cut off from the heart. Jn the second place, the 
vaso-motor centre sends out rhythmical impulses, by which undula¬ 
tions of blood-pressure are produced, quite independent of the 
respiratory undulations. The capacity of this centre to produce 
such undulations is demonstrated by the existence of the Traube- 
Hering curves, which we have already studied (p. 473), but of 
which we give here an additional figure (fig. 465). It is possible 
that the normal respiratory undulations on a blood-pressure 
curve may in part at least be produced in a similar way. 

Asphyxia. 

Asphyxia may be produced in various ways : for example, by 
the prevention of the due entry of oxyge n into the blood, either 
by direct obstruction of the tnichea or other part of the respi- 
ratory passages, or by introd ucing in ste adq f T 4yx yp a.ry air a gas 
devoid of oxygen, or by int erferen ce with the due interchange of 
gases between the air and the blood. 

- The symptoms of asphyxia may be divided into three groups, 
which correspond with the stages of the condition which are 
usually recognised; these are (1), the stage of exaggerated 
breathing; (2), the stage of convulsions ; (3), the stage of ex¬ 
haustion. 

In the first stage the breathing becomes more rapid and at the 
Same time deeper than usual, the inspirations at first being 
especially exaggerated and prolonged. The muscles of dktra- 
ordinary inspiration are called into action, and the effort to 
respire is laboured and painful. This is soon followed*by a 
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similar increase in'the expiratory efforts, which become exces¬ 
sively prolonged, being aided by all the muscles of extraordinary 
expiration. During this stage, which lasts a varying time, from 
a minute upwards, ac cording as the deprivatio n of oxygen 
-auddj Qii or gradual, the ups become: blue,“"t he eves ire-Pronnuint^ 
and i ntensely anxi ous. The prolonged respira¬ 

tions are accompanied byadisthictJy atidible sound ; the muscles 
attached to the chest stand out as distinct cords.’ This stage 
includes the two conditkraa faimi'vnu'a (excessive breathing) and 
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the increasingly venous blood. 

In 'the second stage, which is not mai-ked by any distinct 
line of demarcation from the first, the violent expiratory efforts-* 
become convulsive, and then give way, in men and other warm¬ 
blooded animals, to general convulsions, which arise from the 
further stimu lati on of th e centres . Spasms of the muscles 
of the beefy in~gcuer!^ of the respiratory muscles 

only. The convulsive stage is a short one, and lasts less than a 
minute. " ...----- 

Tile ”*third stage, or stage of exhaustion. In it the respirations 
all but cease, the spasms give way £o iiaccidity of the mug^Jes, 
there is insensibility, the conjunctivas are insensitive and the 
pupils aro widely dilated. Every now and then a prolonged 
sighing inspiration takes place, at longer and longer intervals, 
until they cease altogether, and death ensues. During this stage 
the pulse is s carcely to be felt, but the heart may beat for some 
seconds after respirations have cpiitc ceased- The condition is 
due to the gradual”paralysis of t he respiratory cent re- by the 
prolonged action of tlio increasingly venous blood. 

As with the first stage, the duration of the second and third 
stages depends upon whether the manner of the deprivation of 
oxygen is sudden or gradual. The convulsive stage is short, 
lasting, it may be, only one minute. The third stage may last 
three minutes and upwards. 

The conditions of the vascular system in asphyxia are :—(i )s 
More or less interference with the passage of the blood through] 
the pulmonary blood-vessels; (2) Accumulation of blood in thejj! 
right side of the heart and in the systemic veins; (3) Circulation] 
of impure (non-aerated) blood in all parts of the body. 

After jieath_frQax_.asphyxift,it is found in the great majority of 
cases’that the right side of the heart, the pulmonary arteries, and 
the systemic veins are gorged with dark, almost black, blood, and 
the left side of the heart, the pulmonary veins, and the arteries. 
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are empty. The explanation of these appearances may be thus 
summarised : when respiration is stopped, venous bloocLat- first 



Tiff. 466.—The heart in the first stage of asphyxia. The left cavities are seen to he 
distended; the left ventricle partly overlaps the right, l.n., left auricle ; i:v., left 
ventricle; a, aorta; p.a., pulmonary artery; p.v., pulmonary vein; r.a., right auricle; 
r.v., right ventricle; v.c.d., descending vena cava ; v.c.a., ascending vena cava. (Sir 
George Johnson.) 


passes freely through the lungs to the left heart, and so to the 
great arteries. When it reaches the arterioles either by its 



lig. 467-—The heart in the final stage of asphyxia. The letters have the same meaning as 
in fig. 466; in addition, p.c. represents the pulmonary capillaries. The right auricle 
and ventricle, and the pulmonary artery, are fully distended, while the left cavities of 
the heart and the aorta are nearly empty. (Sir George Johnson.) 

direct ac tion upon thei r muscular tissue. or more jarobably 
through the medium of th^jvAso^otQr .centreSj tKe arterioles 
contract} particuIarly"those of the splanchnic" area, the blood- 
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pressure rises, and the left side of the heart becomes distended. 
Although the arterioles are contracted, the highly venous blood 
is allowed to pass through them, and, fayoured_byJfche_iabaured 
r espira tory, .movements, arrives at the right side of the heart. 
When it reaches the pulmonary arterioles it gives rise to the 
same constriction of them as of the systemic vessels. The 
obstruction to the circulation through the lungs thus produced 
causes a distended condition of the right heart and pulmonary 
artery, and, on the other hand, produces a greatly diminished 
blood-flow through the pulmonary veins into the left side of the 
heart, resulting after a time.in its practical emptiness. • So that 
in the third stage of asphyxia the heart gets into the condition 
in which it is found after death. The condition of the heart is 
illustrated by figs. 466 and 467. 

In the first and second stages of asphyxia the arterial blood- 



Fig. 468.—Blood-pressure tracing during asphyxia. The tracing was taken by a manometer 
connected with the femoral artery of a dog under curare. Artificial respiration was 
discontinued at X. Both vagi had been previously divided. If the vagi are not 
divided, the rise of pressure is much less, and the heart beats very slowly. This 
enables the heart to last longer, and is due to excitation of the cardio-inhibitory centre 
by venous blood. (Starling!) 


pressure continuously rises until it reaches a point far above, the 
normal,' and T11 the third staga^ hlood- pressure falls rapidly. A 
tracing of the arterial pressure is shown In fig. 468. 


Effects of Breathing Gases other than the Atmosphere. 

The di minution of oxygen has a more direct influence injthe 
production of asphyxia than iFe" liffcreabM amount' ot carSomc 
acuir liUIewl 'lli'S llaliaT"* effect of a gradfuaT "accumulation -1 of 
carbonic acid in the blood when a due supply of oxygen is 
maintained resembles rather the action of a namotieneiaon than 
it does asphyx ia. 

Then again we must carefully distinguish the asphyxiating 
effect of an insufficient supply of oxygen from the directly 
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poisonous action of ,, PiTii^i which is 

contained to a considerable amount in common coal-gas. The 
fatal effects often produced by this gas (as in accidents from 
burning charcoal stoves in small, close rooms), are due to its 
entering into combination with the hsemogloliin -xafblood- 
corpuscles and^thusjDxpelliii^tneo^gen. Hydrogen may take 
the place of nitrogen ATtUe oxygen is in the usual proportion 
with no marked ill effect. Sulphuretted hydrogen interferes 
with the oxygenation .of-Wood. Nitrous oxide acts directly 
on the nervous system as a narcotic. Certain gases, such as 
carbon dioxide in more than a certain proportion ; sulphurous 
and other acid gases, ammonia, and chlorine produce spas¬ 
modic closure of the glottis, and are irrespirable. 

Alteration in the atmospheric pressure .—The normal condition 
of breathing is that the oxygen of the air breathed should be at 
the pressure of 4 - of the atmosphere, viz., I of 760 mm. of 
mercury, or 152 mm., but it is found that life may bo carried on 
by gradual diminution of the oxygen pressure to considerably less 
than one half of this, viz., to 76 nun., or ^ partial pressure, 
which is reached at an altitude above 15,000 feet. Any pressure 
less than this may begin to produce alterations in the .relations of 
the gases in the blood, and if an anim al is subjected s u dden ly to 
a marked decrease of barometric pressure, and so_x>^ oxyg en 

• pressure "(below 7 per"cent.), it i s thrown into ponviilsion s. and it 
is found that th e .gases a re, set free in the bloo d-vessels, no doubt 
carbon dioxide and oxygen as well as nitrogen, although the 
latter is the only* one of the three gases the presence of which in 

• the vessels in death from this condition of affairs has been proved ; 
the othors are said to be reabsorbed. Other derangements may 
precede this, e.g., bleeding from the nose, dyspnoea, and vascular 
derangement. On the other hand, the oxygen may be gradually 
increased to a considerable extent without marked effect, even to 
the extent of 8 or 10 atmospheres, but when the oxygen pressure 
is increased up to 20 at mospher es the animals experimented upon 

• by Paul Bert died with severe tetani c convulsions. Tim alteration 
of pressure above or below a certain average affects primarily the 
gaseous interchange in the lungs, and then that in the tissues 
generally^, but signs of dy r spncea may be produced as well either 
by cutting off i 7 ie supply of blood to the medullary centres, or by 
warming the blood of the carotid arteries which supply them. The 
cause in the former case being the deprivation of oxygen and the 
accumulation of the carbon dioxide, and of the latter, the 
increased metabolism of the centre set up by the warmed blood. 

That considerable variations of pressure may occur without 
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producing ill effects, is due to the fact which we study more 
fully in the next section of this chapter, that the blood gases are 
mostly in a state of chemical combination not simple solution. 

Chemistry op Respiration. 

The atmospheric air does not actually penetrate beyond the 
largest bronchial tubes ; the gases which get into the smaller 
tubes and air-vesicles do so by diffusion. The most vigorous 
expiratory effort is unable to expel the alveolar air. This air and 
the blood in the capillaries ar# only separated by the thin capil¬ 
lary and alveolar walls. The blood parts with its excess of car¬ 
bonic acid and watery vapour to the alveolar air ; tlie Tdood at 
the”same'Sme receives from the alveolar" ah a supply of oxygen 
wh ich r enders It arterial. ~ 

The intake of oxygen is the commencement, and the output of 
carbonic acid is the end of the series of changes known as respira¬ 
tion. The intermediate steps take place all over the body and 
'•''‘"stitutn what is known tVS tisme-resq nr atwn . The oxygen which 
goes into the blood is held there ih^Toose combination as oxy- 
hsomoglobin. Jn the tissues this substance parts with its 
respiratory oxygen. The .oxygen does not necessarily undergo 
immediate union with carbon to form carbonic acid, and with 
hydrogen to form water, but in most cases, as in muscle, is held 
in reserve by the tissue itself. Owing to this reserve oxygen, a 
muscle will contract in an atmosphere of pure nitrogen and yet 
give off carbonic acid; and a frog will live under the same 
condition and give off carbonic acid for several hours. Besides 
carbonic acid and water, certain other produces., of combustiqn. are 
produced; those like urea and uric acid, which are the result of 
nitrogenous metabolism ultimately leave the body in the urine. 
The carbonic acid and a portion of the water find an outlet by 
the lungs. 

Inspired and Expired Air. —The composition of the in¬ 
spired or atmospheric air and the expired air may be compared in 
the following table :— 

| - ! Inspired air. j Expired air. 

i6'6 vols. per cent. 

79 » » ’ 

4'4 « 

saturated 

that, of body (36“ C.) j 


Oxygen . . . 20 96 vols. per c< 

Nitrogen . . . 79 „ „ > « 

Carbonic acid . . 0 04 *„ „ 

Watery vapour . . variable 

Temperature . . „ 
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Th e nitrogen remains unchang ed. .The recently discovered gas, 
argon, is in the above table reckoned in with the nitrogen. It is, 
however, only present in minute quantities. The chief change is 
in the proportion of oxygen and carbonic acid. The loss of 
oxygen is about 5, the gain in carbonic acid about 4 "5. If the 
inspired and expired airs are carefully measured at the same 
temperature and barometric pressure, the volume of expired air 
is thus rather less than that of the inspired. The conversion of 
oxygen into carbonic acid would not cause any change in the 
volume of the gas, for a molecule of oxygen (0 2 ) would give rise 
f carbo nic -a ekLfCOg) wmch would occupy the same, 
musChowever, be remembered that carbon is not* 

number of 


to a molecule of 
~~TE' 


volume. 

the only clement which is oxidised. mnfain a 

atoms of hydrog en, which, during metab qli^m. are p ydifeed jto forfiV 
water ; a small amouut of oxygen is also used in the formation of 
urea. Carbohydrates contain ‘ sufficient oxygen in their own 
molecules to oxidise their hydrogen ; hence the apparent loss of 
oxygen is least when a vegetable diet (that is, one consisting 
largely of starch and other carbohydrates) is taken, and greatest 

C 0 2 given oft' 


when much fat and proteid are eaten. The quotient 


0» absorbed 


is called the respiratory quotie nt- Normally it is --^ = 0*9, but *• 

5 

it varies considerably with diet as just stated. It varies also 
with muscular exercise when the output of carbonic acid is much 
increased both absolutely and relatively to the amount of oxygen 
used up. 

The amount of respiratory interchange of gases is estimated by 
enclosing an animal in an air-tight chamber, except that there is 
a tube entering and another leaving it; by one tube oxygen or 
air can enter and is measured by a gas-meter as it passes in. 
The air is drawn through the chamber, and leaves it by the other 
tube; this air has been altered by the respiration of the animal, 
and in it the carbonic acid and water are estimated; the carbonic 
acid is estimated by means of drawing the air through tubes 
containing a known amount of an alkali; this combines with the 
carbonic acid and is increased in weight: the increase in weight 
giving the amount of carbonic acid; the alkali used in Regnault 
and Reieet’s apparatus was potash ; Pettenkofer used baryta 
water; Haldane recommends soda-lime. The water is similarly 
estimated in tubes containing pumice moistened with sulphuric 
aoid. 

Ranke gives the following numbers from experiments made on 
a man, who was taking a mixed diet consisting of 100 grammes 
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of proteid, ioo of fat, and 250 of carbohydrate in the 24 
hours. The amount of oxygen absorbed in the same time was 
666 grammes; of which 560 passed off' as carbonic acid, 9 in 
urea, 19 as water formed from the hydrogen of the proteid, and 
78 from that of the fat. 

Vierordt from a number of experiments on human beings gives 
the following numbers: the amount of oxygen absorbed in the 
twenty-four hours, 744 grammes ; this leads to the formation of 
900 grammes of carbonic acid (this contains about' half a pound 
of carbon) and 330 grammes of water. 

The respirator s interchange is lessened during sleep. It is 
especially small inthe winter sleep^nTrTjerhatliirgStffihals. 


Cireumxtaneex affecting the amount of carbonic acid excreted, (a) Age 
and xex. In males the quantity increases with growth till the age of 30 ; at 
50 it begins to diminish again. In. females the decrease begins when 
menstruation ceases. In females the quantity exhaled is always less than 
in males of the same age. 

(b) It expiratory murementx .—The quicker the respiration the smaller is 
the proportionate quantity of carbonic add in each volume of expired air. 
The total quantity is, however, increased, not because more is formed in the 
tissues, but more is got rid of. The last portion of the expired air which 
comes from the more remote parts of the lungs is the richest in carbonic 
acid. 

(c) External temperature .—In cold-blooded animals, a rise in the external 
temperature causes a rise in their body temperature, accompanied with 
increased chemical changes, including the formation of a larger amount, of 
carbonic acid. In warm-blooded animals, it is just the reverse ; in c olcj 
weather the temperature has to be kept at the normal level, and so increased 
combustion is necessary. 

'(d) Food .—This produces an increase which usually comes 011 about, a n 

hour .after q, flpyvl ‘ 

(e) Exereixe. —Moderate exercise causes an increase of about 30 to 40 per 
cent, in the amount excreted. With excessive work, the increase is still 
greater. 


Diffusion of Gases within the Lungs. —If two chambers 
containing a mixture of gases in unequal amount are connected 
together, a slow movement called diffusion takes place until the 
percentage amount of each gas in each chamber is the same. Let 
us suppose that one chamber contains a large quantity of oxygen 
and a small quantity of carbonic acid; and the other a small 
quantity of oxygen and a large quantity of carbonic acid; the 
oxygen moves from the first to the second, and the carbonic acid 
from the second to the first chamber. T he pressure of a gas i» 
.proportional to the percentage am ount in which it is prese nt in n 
mixture. This is~true for each gas in a mixture, the presence of 
the others making no difference. 

In the atmosphere for instance, the total barometric pressure 
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is 760 mm. of mercury ; the amount of oxygen in the air is 
roughly one fifth, and the pressure it exercises is also one fifth of 
760; the nitrogen accounting for the other four fifths. The 
carbonic acid is present in such small quantities that the pressure 
it exercises is only a fraction of a millimetre. 

In the alveolar air, however, the carbonic acid is present in 
larger and the oxygen in smaller anfount; and in the intermediate 
air passages there is an intermediate condition: hence as in the 
two chambers we first considered, oxygen diffuses down to the air 
vesicles, and carbonic acid from them. , These slow movemen ts of 
diffusion are assisted by the large*draughts wh.ieh. arc ereatecLiu 
the., upper respiratory tract by the respiratory movements ,ol,the 
chest. 

The actual figures giving the relationship between the oxygen 
and carbonic acid of the atmosphere and alveolar air are as 
follows:— 

Oxygen. Carbonic acid. 

Percentage. Pressure. Percentage. Pressure. 

Atmosphere .21 158 mm. Hg. . C04 + 038 mm. Hg. 

Alveolar air . 3’6 I 27’4 ,, .' 3-56 m 27 ,, 

Gases of the Blood. —From 100 volumes of blood, about 60 
volumes of gas can be removed by the mercurial air-pump. The 
average composition of this gas in dog’s blood is:— 

Arterial blood. Venous blood. 

Oxygen . . . 20 . . . 8 to 12 

Nitrogen . . . 1 to 2 . . . 1 to 2 

Carbonic acid . 40 ... 46 

The nitrogen in the blood is simply dissolved from the air just 
as water would dissolve it ; it has no physiological importance. 
The other two gases are present in much greater amount than can 
be explained by simple solution ; they are, in fact, chiefly present 
in loose chemical combinations. Less than one v olume o T^tll'e 
Oxygen amTabout two of carbonic acid are present in simpl e**solu¬ 
tion in the p lasma. 

^Oxygen in the Blood. —The amount of gas dissolved in a 
liquid varies with the pressure of the gas; double the pressure 
and the amount of gas dissolved ,is doubled. Now t.hiq fines n ot 
occur in the case of oxygen and blood; very nearly the same 
amount of oxygen is-tKssoIved whatever be the pressure. We 
have thus a proof that oxygen is not merely dissolved'in the 
blood, but is in chaaaio a l union : arfd the fact that the oxygen of 
oxyhaemoglobin can be replaced by equivalent quantities of other 
gases, like carbonic oxide, is a further jjroof of the same state- 
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ment. The te nsion or partial pressure q£ oxyge n in th e air. pi. the 
alveoli is les s~IEa 5 . -that i n the atmosphere, but greater than that 
in venous, .blood ; hence oxygen passes from the alveolar air into 
the lolood j the oxygen immediately combines with the haemoglobin, 
and thus leaves the plasma free to absorb more oxygen ; and this 
goes on until the haemoglobin is entirely, or almost entirely, 
saturated with oxygen. The reverse change occurs in the tissues 
when the partial pressure of oxygen is lower than in the plasma, 
or in the lymph that bathes the tissue elements; the plasma 
parts with its oxygen to the lymph, the lymph to the tissues; 1 
the oxylnsemoglobin then undergoes dissociation to supply more 
oxygen to the plasma and lymph, and this in turn to the tissues 
once more. This goes on until the oxyhaemoglobin loses a great 
portion of its store of oxygen, but even in asphyxia Jfc .does 
n ot l ose all. 

ThiT»vvi 5 ity.. of .the. .tissues fpr .oxygen is* shown by Ehrl ich’s 
experiments with methylene blue and similar pigments. l!Ie£hy- 
lene blue is more stable than oxyhaemoglobin; but if it is injected 
into the circulation of a living animal, aud the animal killed 
a few minutes later, the blood is found dark blue, but the organs 
colourless. On exposure to oxygen the organs become blue. In 
other words, the tissues have removed the oxygen from methylene 
blue to form a colourless reduction product; on exposure to the 
air this once more unites with oxygen to form methylene blue. 

Carbonic Acid in the Blood.—What has been said for 
oxygen holds good in the reverse direction for carbonic acid. 
Compounds are formed in the tissues where the tension of the 
gas is high : these pass into the lymph, then into the blood, and 
in the lungs the compounds undergo dissociation, carbonic acid 
passing into the alveolar air, where the tension of the gas is com¬ 
paratively low, though it is greater here than in the expired air. 

The relations of this gas and the compounds it forms are more 
complex than in' the case of oxygen. If blood is divided into 
plasma and corpuscles, it will be found that both yield carbonic 
acid, but the yield from the plasma is the greater. If we place 
blood in a vacuum It bubbles, and gives out all its gases ; addi¬ 
tion of a weak acid causes no further liberation of carbonic acid. 
When plasma or serum is similarly treated the gas also comes off, 
but about 5 per cent, of the carbonic acid is fixed—that is, it 
requires the addition of some stronger acid, like phosphoric acid, 
to displace it. Fresh red c orpuscles w i ll, howeve r, tak e the pla ne 
o f the phos phoric,acid,. aud thus it haaj&en sunnised that oxj r 
heemogloTain has the properties of an acid. 

One hundred volumes of venous blood contain forty-six volumes 
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of carbonic aoid. Whether this is jn solution or in chemical 
combination is determined by ascertaining the tension of the gas 
in the blood. One hundred volumes of blood plasma would 
dissolve fifty volumes of the gas at atmospheric pressure, if its 
solubility in plasma were equal to that in water. If, then, the 
carbonic acid were in a state of solution, its tension would be 
fequal to that of the atmosphere, but it proves to be only equal to 
x per cent, of an atmosphere. This means that when venous 
blood is brought into an atmosphere containing 5 per cent,_of 
carbonic acid, the blood neither gives off any carbonic acid nor 
takes up any from that atmosphere.^ Hence the remainder of the 
gas, 95 per cent., is in a condition of chemical combination. The 
chief compound appears to be sodium bicarbonate. 

The carbonic acid and phosphoric acid of the blood are in a 
state of constant struggle for the possession of the sodium. The 
salts formed by these two acids depend on their relative masses. 
If carbonic acid is in excess, we got sodium carbonate (Na 2 CO ;t ) 
and mono-sodium phosphate (NaHgPOj); but if the carbonic acid 
is diminished, the phosphoric acid obtains the greater share of 
sodium to form disodium phosphate (Na 2 HPO t ). In this way, as 
soon as the amount of free carbonic acid diminishes, as in the 
lungs, the amount of carbonic acid in combination also decreases ; 
whereas in the tissues, where the tension of the gas is highest, 
a large amount is taken up into the blood, where it forms sodium 
bicarbonate. *» 

The tension of the carbonic acid in the tissues is high, but one 
cannot give exact figures; we can measure the tension of the gas 
in certain secretions : in the urine it is 9, in the bile 7 per cent. 
The tension in the cells themselves must be higher still. 

The following figures give the percentage amount and tension 
of the carbonic acid and the oxygen. They take into account 
only the small amounts of those gases which are free in the plasma 
and can therefore exercise tension ; the oxygen combined with 
haemoglobin and carbonic acid combined as carbonates and bi car¬ 
bonates are not reckoned :— 


Arterial blood 
Venous blood 
Alveolar air 


Oxygen. 

Percentage. Pressure. 


3'9 
29 
36 


29'6 mm. Hg. 

22 

2 7'4 


Carbonic acid. 
Percentage. Pressure. 


28 


¥ 


21 mm. Hg. 


S '4 41 

3’5 6 t 27 


The arrows indicate the way in which the gases pass. 

A comparison of the numbers of* venous blood and alveolar air 
illustrate the fact that the gas passes in the direction of pressure, 
the,oxygen passing to the-venous blood, .the carbonic acid to the 
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alveolar air. But the figures given for arterial blood show that 
the gaseous exchange goes beyond -the establishment of eqtiili 
brium; that in fact the carbonic acid has passed from where its 
tension is low to where its tension is higher, and the same is true ( 
for oxygen. 

It is quite possible that the figures may be erroneous, but until 
the error has been proved to be there, we can only explain this 
apparent reversal of a law of nature by supposing with Bohr, that 
the alveolar epithelium possesses the power of secreting carbonic 
acid and taking up oxygen, just as the cells of secreting glands 
are able to select certain materials from the blood and reject 
others. 

Tissue-Respiration. —Before the processes of respiration were 
fully understood the l ungs were looked upon as the seat of 
combust ion : they were regardcdl isThe stove for The YeffPWTh'h ’ 
body where effete material was brought by the venous blood to 
be burnt up. The impossibility of this was shown when it was 
pointed out that, if all the heat of the body was produced in the 
lungs, their temperature would be raised so high as to destroy 
them. 

Physiologists next transferred the seat of the combustion to 
the blood ; but since then innumerable facts and experiments 
have shown that it is in the tis sues , .the mse lves, and not in the 
blood, that combustion occurs. The methylene-blue experiments 
already described (p. 543) show this; and the following experiment 
is also quite conclusive. A frog can be kept alive for some time 
after salt solution is substituted for its blood. The metabolism 
goes on actively if the animal is kept in pure oxygen. The 
taking up of oxygen and giving out of carbonic acid must there¬ 
fore occur in the tissues, as the animal has no blood. i 

Ventilation. —It is necessary to allude in conclusion to this 
very important practical outcome of our consideration of 
respiration. 

Some Continental observers have stated that certain noxious 
substances are ordinarily contained in expired air which are much 
more poisonous than ca rbonic acid, but researches in this country 
have failed to substantiate this. If precautions Vie taken by 
absolute cleanliness to prevent admixture of the air with exhala¬ 
tions from skin, teeth and clothes, the expired air only contains 
one noxious substance, and that is carbonic acid. 

Absolute cleanliness is however not the rule; and the air of 
rooms becomes stuffy when the amount of expired air in them is 
just so much as to raise the percentage of carbonic acid to' o’i 
per cent. An adult eives off about o - 6 cubic feet of carbonic 
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a f cid pa p:, Lau r. and in order that thje percentage may be kept 

below o*i per cent., he must be supplied with between two and 
three thousand cubic feet of fresh air in that time ; and in order 
that the air may be renewed without giving rise to draughts, each 
adult should be allotted sufficient space in a room, at least 1,000 
cubic feet. 

The Mercurial Air-Pump. 

The extraction of the gases from the blood is accomplished by means of a 
mercurial air-pump, of which there are many varieties, those of Ludwig. 
Alvergniat, Geissler, and Sprengel being the chief. The principle of action 
in all is the same. Ludwig's pump, whijh may be taken as a type, is repre¬ 
sented in tig. 469. It consists of two 
iixed glass globes, (' and F, the upper 
otic communicating by means of the 
stopcock, JD. and a stout india-rubber 
tube with another glass globe, E, which 
can be raised or lowered by means 
of a pulley; it also communicates by 
means of a stopcock. B. and a bent 
glass tube. A. with a gas receiver (not 
represented in the figure). A, dipping into 
a bowl of mercury, so that the gas may be 
received over mercury. The lower globe. 
F. communicates with (■ by means of the 
stopcock. F, with J in which the blood is 
contained by the stopcock, G. and with a 
movable glass globe, M, similar to L. by 
means of the stopcock, II, and the stout 
india-rubber tube. A". 

In order to work the pump, E and M 
are tilled with mercury, the blood from 
which the gases are to be extracted is 
placed in the bulb I. the stopcocks, II. F. 
I). and B. being open, and G closed. Jf is 
raised by means of the pulley until F is 
full of mercury, and the air is driven out, 
E is t hen closed, and E is raised so that C 
becomes full of mercury, and the air is 
driven off. B is then closed. On lowering 
L the mercury runs into it from C, and a 
vacuum is established in (J. On opening 
E and lowering M. a vacuum is similarly 
established in F; if G Vic now opened, the 
blood in I will enter into ebullition, and 
the gases will pass off into F and C, and 
on raising M and then L, the stopcock B 
being opened, the gas is driven through 
A, and is received into the receiver over 
mercury. By repeating the experiment 
several times the whole of the gases of 
Kg. 469.—Ludwig’s Mercurial Pump, the specimen of blood is obtained, and 

may be estimated. 

The very simple airrpump devised by Leonard Hill will be. however, amply 
sufficient for most purposes. It consists of three glass bulbs (B.B.), which 
we will call the blood bulb ; it is closed above by a piece of tubing and a 
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clip, a ; this is connected by gyod india-rubber tubing to another-bulb, d. 
Above d, however, there is a stopcock with two ways cut through it ; one by 
means of which B.B. and d may be connected, as in the figure ; and another 
seen in section, which unites d to the tube e, when the stopcock is turned 
through aright angle. In intermediate positions, the stopcock cuts off all 
communication from d to other parts of the apparatus ; d is connected by 
tubing to a receiver, R, which can be 


raised or lowered at will. At first the 
whole apparatus is filled with mer¬ 
cury, R being raised. Then, a being 
closed, R is lowered, and when it is 
more than the height of the baro¬ 
meter (30 inches) belowthe top of B.B. 
the mercury falls and leaves the blood 
bulb empty ; by lowering R still fur¬ 
ther, rf can also be rendered a. vacuum. 



Fig. 470.—L. Hill’s air-pump. 



A few drops of mercury should be left behind in B.B. B.B. is then detached 
from the rest of the apparatus and weighed, the clips, a and 6, being tightly 
closed. Blood is then introduced into it by connecting the tube with the 
clip, a } on it to a cannula filled with blood inserted in an artery or vein of a 
living animal. Enough blood is withdrawn to fill about half of one of the 
bulbs. This is defibrinated by shaking it with the few drops of mercury left 
in the bulbs. It is then weighed again; the increase of weight gives the 
amount of blood which is being investigated. B.B. is then once more 
attached to the rest of the apparatus, hanging downwards, as in the side 
drawing in fig. 470, and the blood gases boiled off ; these pass into d, which 
has been made a vacuum ; and than, by raising R again, the mercury rises 
in d, pushing the gases in front of it, through the tube, c (the stopcock being 
turned in the proper direction) into the eudiometer, E, filled with and placet! 
over mercury. The gas can then be measured and analysed. 

Gas analysis. —There are many pieces of apparatus devised for this 

N X 2 
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purpose. In phj'siology, however, we have generally to deal with only three 
gases, oxygen, nitrogen, and carbonic acid. 

Waller’s modification of Zuntz’s more complete apparatus will be found 
very useful in performing gas analysis, say, of the expired air: a ioo c.c. 
measuring-tube graduated in tenths of a cubic centimetre between 75 and 
100 ; a filling bulb (A) and two gas pipettes are connected up as in the 
diagram. 

It is first charged with acidulated water up to the zero mark by raising the. 
filling bulb, tap 1 being open. It is then filled with 100 c.c. of expired air. 
the filling bulb being lowered till the fluid in the tube has fallen to the 100 
mark. Tap i is now closed. The amount of carbonic acid in the expired 
air is next ascertained ; tap 2 is opened, and the air is expelled into the gas 
pipette containing strong caustic potash solution by raising the filling bulb 
until the fluid has risen to the zero mark of the measuring tube. • Tap 2 is 
closed, and the air left in the gas pipette for a few minutes, during ■which the 
carbonic acid is absorbed by the potash. Tap 2 is then opened and the air 
drawn back into the measuring tube by lowering the filling bulb. The 
volume of air (minvs the carbonic acid) is read, the filling bulb being ad¬ 
justed so that its contents are at the same level as the fluid in the measuring 
tube. The amount of oxygen is next ascertained in a precisely similar 
manner by sending the air into the other gas pipette, which contains sticks 
of phosphorus in water, and measuring the loss of volume (due to absorpt ion 
of oxygen) in the air when drawn back into the tube. 


CHAPTER XL. 

THE CHEMICAL COMPOSITION OF THE BODY. 

The body is built tip of a large number of chemical elements, 
which are in most instances united together into compounds. 

The elements formed in the body are carbon, nitrogen, 
hydrogen, oxygen, sulphur, phosphorus, fluorine, chlorine, iodine, 
silicon, sodium, potassium, calcium, magnesium, lithium, iron, mid 
occasionally traces of manganese, copper, and lead. 

Of these very few occur in the free state. Oxygen (to a small 
extent) and nitrogen are found dissolved in the blood ; hydrogen 
is formed by putrefaction in the alimentary canal. With some 
few exceptions such as these, the elements enumerated above are 
found combined with one another to form what are called 
compounds. 

The compounds, or, as they are generally termed in physio¬ 
logy, the proximate principles, found in the body are divided 
into— 

(1) Mineral or inorganic epmpounds. 

(2) Organic compounds, or compounds'of carbon. 

The inorganic compounds present are water, various acids 
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(such as hydrochloric acid in the gastric juice), ammonia (as in 
the urine), and numerous salts, such as calcium phosphate in 
bone, sodium chloride in blood and urine, and many others. 

The organio compounds are more numerous; they may be 
subdivided into— 

1. Various groups of alcohols and organic acids, and their com¬ 
pounds, such as the fats and carbohydrates. 

2. Various derivatives of ammonia, amides, amines, urea, ifee. 

3. Aromatic bodies, or derivatives of benzene. 

4. Proteids, the most important of all, and substances allied to 
proteids like the albuminoids, figments, and ferments. 

Many of these substances we shall study with the blood, food, 
urine, &c. 

A more convenient practical method of grouping physiological 
proximate principles is the following:— 

Water. 

Saltx — -r.g. chlorides and phosphat es of sodium 
and calcium. 

Proteidx — r.g. albumin, myosin, casein. 
AlbttmiMid* — e.g. gelatin, chondrin, nuclein. 
Simpler nitrogr/wux bodiex — e.g. lecithin, 
creatine. 

Fatx — e.g. butter, fats of adipose tissue. 

Ca rbohydratex — r.g. sugar, starch. 

Simple organic bodiex — r.g. cholesterin. lactic 
acids. 

Many of the substances enumerated above only occur iu small 
•quantities. The most, important are the inorganic substances, 

| water and salts ; and the organic substances, proteids , car- 
| /'ohydrates, and fats. It is necessary in our subsequent study of 
! the principles of chemical physiology that we should always keep 
in mind this simple classification; the subdivision of organic 
substances into proteids, fats, and carbohydrates forms the 
starting-point of chemical physiology. 

We will now proceed to consider the principal members of each 
group in turn. 

' Carbohydrates. 

The carbohyd rates are fo und chiefly in vegetable tissues, and 
many of them form important foodsi Some carbohyHmteT'are, 

; however, found in or formed by* the animal organism. The most 
; important of these are glycogen, or animal starch; dextrose ; and 
^actog^jarjaiilk sugar. 

The carbohyd rates may be conveniently defined as compounds 


Inorganic 


Organic 


Nitrogenous 

Noil-nitrogenous 
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of car bon, hydrogen, and oxygen, tiie t wo last-named elements 
being in theproportion in which they occur in water. 

They may be for the greater part arranged into three groups 
according to their empirical formulae. The names and formulas* 
of these groups, and the most important members of each, are as 
follows:— 


i. Monosaccharides or 
Glucoses, C„H ta G„. 

2. Disaccharides, Sucroses, 
or Saccharoses, 
C,aH aa Oi,. 

3. Polysaccharides or Amy- 
loses, (C„H 10 O s )„. 

4- Dost rose. 

— Levulose. 

+ Galactose. 

+ Cane sugar. 

+ Lactose. 

+ Maltose. 

+ Starch.. 

+ Glycogen. 

+ Dextrin. 
Cellulose. 

Gums. 


The + and — signs in the above list indicate that the substances 
to which they are prefixed are dextro- and levo-rotatory respec¬ 
tively as regards polarised light. 

The formulae given above are merely empirical; and there is 
no doubt that the quantity n in the starch group is variable and 
often large ; hence the name polysaccharides that Tollens gives 
to the group. Research has, moreover, shown that the glucoses 
are either aldehydes or ketones of hexatomic alcohols C fl H„(OH) fl . 
Thus dextrose is the aldehyde of sorbite, levulose the ketone of 
mannite, and galactose the aldehyde of dulcite. The amyloses may 
be regarded as the anhydrides of the glucoses [nC 8 H lg O G —nH s O = 
(C 0 H 10 O 3 ) u ]. The sucroses are condensed glucoses— i.e. they are 
formed by the combination of two molecules of glucose with the 
loss of one molecule of water (C n H 1;i O 0 +C fi H 12 O fi — H 2 0 = 
C u H*O u ) ; hence the term disaccharide. The following are the 
chief facts in relation to each of the principal carbohydrates:— 

Dextrose or G-rape Sugar. —This is found in 

fruits, honey, and in minute quantitie s in the blood, ftnd numerous 
tissues, ofga'HBJ'tmd flufds of the body. I t is t he form of sugar 
found in large quantities in the blood and urine in the disease 
known as diabetes. 

Dextrose is soluble in hot and cold water and in alcohol. It is 
crystalline, but not so sweet as cane sugar. When heated with 
strong potash certain complex acids are formed which have a 
yellow or brown colour. This constitutes Moore's test for sugar. 
In alkaline solutions dextrose reduces salts of silver, bismuth, 
mercury, and copper. The reduction of cupric to cuprous salts 
constitutes Trommer's test, which is performed as follows: put a 
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few drops of copper sulphate into a test-tube, then solution of 
dextrose, and then strong caustic potash. On adding the potash 
a precipitate is first formed which dissolves up forming a blue 
solution. On boiling this a yellow or red precipitate (cuprous 
hydrate or oxide) forms. 

On boiling a solution of dextrose with an alkaline solution of 
picric acid, a dark red opaque solution due to reduction to 
picramic acid is produced. Another important property of grape 
sugar is that under the influence of yeast it is converted into 
alcohol and carbonic acid (C 8 H 1S 0 6 = 2 C 2 H 0 O-f- 2 C 0 2 ). 

Dextrose may be estimated by the fermentation test, by the 
polarimeter, and by the use of Fehling’s solution. The last 
method is the most important: it rests on the same principles as 
Trammer’s test, and we shall study it in connection with diabetic 
urine. 

Levulose. —When cane sugar is treated with dilute mineral 
acids it undergoes a process known as inversion — i.e., it takes up 
water and is .conv erted into equal parts of dextro se and-ievu lose. 
The previo\isly^ 7 lextn>rotatofy ' solution" of cane sugar then 
becomes levo-rotatory, the levo-rotatory power of the levulose 
being greater than the dextro-rotatory power of the dextrose 
formed. Hence the te rm inversion. Similar hydrolytic changes 
are produced by certain ferments, such as the invert ferment of 
the intestinal juice. 

Pure levulose can be crystallised, but so great is the difficulty 
of obtaining crystals of it that one of its names was wncrystallis- 
able sugar. Small quantities of levulose have been found in 
blood, urine, and nntscle. It_has bedn recommended as an article 
of die t in diabe tes in place cCordiuaSysugar; in this disease it 
does not appear to Dave the harmful effect that other sugars 
produce. Levulose gives the same general reactions as dextrose. 

Galactose is formed by the action .of dilute mineral acids 
OT jnvertiiig ferments on lactose. It resembles dextrose in its 
action on polarised light, in reducing cupric salts in Trommer’s 
test, and in being directly fermentable with yeast. When 
oxydised by means of nitric acid it yields air acid called muci'c 
acid (C a H lw O s ), which is only slightly soluble in water. Dextrose 
when treated in this way yields an isomeric acid— i.e., an acid 
with the same empirical formula called saccharic acid, which is 
very soluble in water. 

InoflitfA, nv -MigHir, j s found in muscle, kidne y^Jiver, and 

ot her parts o f the b ody in sm al l quan tities. "It is also largely 
found in tKe~vegetab!e kingdom. It is crystallisable, and has 
the same formula as the glucoses. It is, however, not a sugar_ 
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and careful analysis has shown that' it really belongs to the 
aromatic series. 

Cane Sugar is generally distributed in the vegetable king¬ 
dom, but especially in the juices of the sugar cane, beetroot, 
mallow, and sugar maple. It is a substance of great importance 
as a food. It undergoes inve rsion in_the alimentary canal . It 
is crystallineTan 3 "dextro-rotatory. WithTS-ommer’s test it gives 
a blue solution, but no reduction occurs on boiling. After inver¬ 
sion it is, of course, strongly reducing 

Inversion may be accomplished by boiling with dilute mineral 
acids, or by means of inverting ferments such as that occurring 
in the intestinal juice. It then takes up water, and is split into 
equal parts of dextrose and levulose. 


C 1 s H m O + Hp = C 0 H ls O + C 0 H O 

[Cane su^ar] [Dextrose] [Levulose] 


With yeast cane sugar is first inverted by means of a special 
soluble ferment secreted by the yeast cells, and then there is ail 
alcoholic fermentation of the glucoses so formed. 

Lactose, o r Milk Sugar, occur s in rq ilk. It is occasionally 
found in the urine of wmeiTm"the early days of lactation, or 
after weaning. It is crystallisable, dextro-rotatory, much less 
soluble in water than other sugars, and has only a slightly sweet 
taste. It gives Trommer’s test, but when the reducing power 
is tested quantitatively by Fehling’s solution it is found to be 
a less powerful reducing agent than dextrose, in the proportion of 
7 to 10 . 

When hydrolysed by the same agencies as mentioned in con¬ 
nection with cane sugar it takes up water and splits into dextrose 
and galactose. 


C,P,P + HP = C # HjP, + O n H,P 
[Lactose] [Dextrose] [Galactose] 


With yeast it is just inverted, and then alcohol is formed. This, 
however, occurs slowly. 

T h e la ctic,.Agid fernmntatiQa.^ 

is brought about by lactic^ acid micro-organisms, which are som e- 
$1 itt l slllliTSFTo' yeast ceTIs^ *" Putrefactive Bacteria in the intestine 
bring about the same result. The two stages of the lactid acid 
fermentation are represented in the following equations:— 


(i.) C H s p + Hp .= 4C 3 Hp ? . 
[Lactose] [Lactic acid] 

(2.) , 4 C.H a O = 2CPP + 4 co 2 + 4 h 8 . 

[Lactic acid] [Butyric acid] 
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Maltose is the chief end product of the action of malt diastase 
on starch, and is also formed as an intermediate product in the 
action of dilute sulphuric acid in the same substance. It is also 
the chief sugar for med from star dL._bx.JM diastatifi.Jfermen.ts 
containe d in the saliva and pancreatic j uice. (An isomeric sugar 
called iso-maltose is also formed under tKe same circumstances.) 
It can be obtained in the form of acicular crystals, and is strongly 
dextro-rotatory. It gives Trommer’s test ; but its reducing power, 
as measured by Fehling’s solution, is one-third less than that of 
dextrose. 

By prolonged boiling with water, or, more readily, by boiling 
with a dilute mineral acid, or by means of an inverting ferment, 
such as occurs in the intestinal juice, it is converted into dex¬ 
trose. 


OHO + H s O = 2C (( H 12 O b . 

[Maltose] [Dextrose] 


It undergoes readily the alcoholic fermentation. 

Phenyl hydrazine test. —The three important reducing 
sugars with which we have to deal in physiology are dextrose, 
lactose, and maltose. They may be distinguished by their rela¬ 
tive reducing powers on Fehling’s solution, or by the characters 
of their osazones. The osazone is formed in each case by adding 
phenyl hydrazine hydrochloride, and sodium acetate, and boiling 
the mixture for half an hour. In each case the osazone is de¬ 
posited in the form of bright canary-coloured, needle-like crystals, 
usually in bunches, which differ in their crystalline form, melting- 
point, and^solubilities. 

Starch is wid ely diffused through the vegetable kingdom. It 
occurs in nature in She form of 7 m- 
croscopic grains, varying in size and 
appearance, according to their source. 

Each consists of a central spot, round 
which more or less concentric en¬ 
velopes of starch proper or granulose 
alternate with layers of cellulose. Cel¬ 
lulose has very little digestive value, 
but starch is a most important food. 

Starch is insoluble in cold water: 
it forms an opalescent solution in boiling water, which if con¬ 
centrated gelatinises on cooling. Its most characteristic reaction 
is the blue colour it gives wit^i iodine. 

On heating starch with mineral acids, d extros e is formed. By 
the action of diastatic ferments, maltose is the chief end product. 
In bnfr h ia ^ 



Fig. 472.—Grains of potato 
starch. 
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Before the formation of dextrin the starch solution loses its 
opalescence, a substance called soluble starch being formed. This, 
like native starch, gives a blue colour with iodine. Although the 
molecular weight of starch is unknown, the formula for soluble 
starch is probably 5 (C 12 H 20 O J0 )., 0 . Equations that represent the 
formation of sugars and dextrins from this are very complex, and 
are at present only hypothetical. 

Dextrin is the name given to the intermediate products in the 
hydration of starch, and two chief varieties are distinguished :— 
erythro-dextrin, which gives a r eddish -brown colou r with iodine : 
and ac hroo-dextrin, which does not. «■ 

It is readily soluble in water, but insoluble in alcohol and 
ether. It is gummy and amorphous. It does not give Trom- 
mer’s test, nor does it ferment with yeast. It is dextro-rotatory. 
By hydrating agencies it is converted into glucose. 

Glycogen, or animal starch, is foun d in liver, muscle, and 
white blo od-corpuscles. It is also abundant in all embryonic 


tissues. 

Glycogen is a white tasteless powder, soluble in water, but it 
forms, like starch, an opalescent solution. It is insoluble in 
alcohol and ether. It is dextro-rotatory. With Trommer’s test 
it gives a blue solution, but no reduction occurs on boiling. 

With iodine it gives a reddish or port-wine colour, very similar 
to that given by dextrin. Dextrin may be distinguished from ■ 
glycogen by (i) the fact that it gives a clear, not an opalescent, 
solution with water ; and (2) it is not precipitated by basic lead 
acetate as glycogen is. It is, however, precipitated by basic 
lead acetate and ammonia. (2) Glycogen is precipitated by 
60 per cent, of alcohol; the dextrins require 85 per cent, or 
more. 

Cellulose. —This is the odourless material of which th e cell- 
\£alls and wo ody fi bres of plants are composed. By treatment 
' wi£fi~iSFong“ “mineral acids it is 7 BKe"starch, converted into glu¬ 
cose, but with much greater difficulty. The various digoHpyc 
ferm ents. ha.ve.Ji.ttle. or .no action..on cellulose ; hence the necessity 
of boiling starch before it is taken as food. Boiling bursts the 
cellulose envelopes of the starch grains, and so allows the digestive 
juice "to get at the starch proper. 

Cellulose is found in a fetr animals, as in the test or outer 
investment of the Tunicates. 
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The Fats. 

Fat is found in small quantities in many animal tissues. It 
is, however, found in large quantities in three situations, viz., 
marrow, adipose tissue and milk . 

The contents oi the fat cells of adipose tissue are fluid dui-ing 
life, the normal temperature of the body (36° C., or 99° F.) being 
considerably above the melting-point (25° C.) of the mixture of 
the fats found there. These fats are three in number, and are 

jolein. They difter from one another 
id m certain physical characters, such 
as melting-point and solubilities. Olein melts at 0° C., palmitin 
at 45° (l, and stearin at 53—66° C. It is thus olein which holds 
the other two dissolved at the body temperature. Fats are all 
soluble in hot alcohol, ether, and chloroform, but insoluble in 
water. 

Chemical Constitution of the Fats. —The fats ar e com ¬ 
pounds of fattv acids w ith glycerin, and may be termed f/ly- 
ce ridt iL. The term hydrocarbon, applied to them by some 
authors, is wholly incorrect. 

The f atty acids form a series of acids derived from the 
monatomic alcohols by oxidation. Thus, to take ordinary 
ethyl alcohoI^T^HijO, the first stage in oxidation is the removal of 
two atoms of hydrogen to form aldehyde, C 2 H 4 0; on further 
oxidation an atom of oxygen is added to form acetic acid, 
C 2 H t 0 2 . 

A similar acid eau be obtained from all the other alcohols, 
thus :— 


called jxtlmitin, stearin, and 
in chemicaFljomposltlon an 


From methyl alcohol 

„ ethyl „ 

„ propyl 

„ butyl „ 

„ amyl „ 


CH s ,HO, formic acid H.COOH is obtained. 
C a H 5 .HO, acetic „ CH 3 .C00H 

C n H..HO, propionic „ C a H 5 .COOH „ 

C.H a .HO, butyric „ C,H..COOH 

C 5 H u .HO, valeric „ C 4 H 9 .COOH 


and so on. 

Or in general terms :— 

From the alcohol with formula C n H 2n+1 .HO, the acid with 
formula C n _ 1 H 2ll _ 1 .COOH is obtained. The sixteenth term of 
this series has the formula Cj B H s 1 .COOH, and is called palmitic 
acid ; the eighteenth has the formula O^H^.COOH, and is called 
stearic acid. Each acid, as will be seen, consists of a radicle, 
C n _ 1 H 2n _ 1 CO, united to hydroxyl (HO). Oleic acid, however, 
is not a member of this series, but belongs to a somewhat similar 
series known as the acrylic series, of which the general formula is 
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C n _,H 2n _ 3 .COOH. It is the eighteenth term of the series, and 
its formula is C 17 H ss .COOH. 

Glycerin or Glycerol is a triatomic alcohol, C s H B (HO) 3 — i.e., 
three atoms of hydroxyl united to a radicle glyceryl (C 3 H 6 j. The 
hydrogen in the • hydroxyl atoms is replaceable by other organic 
radicles. As an example, take the radicle of acetic acid called 
acetyl (OH ;1 .CO). The following formulae represent the deriva¬ 
tives that can be obtained by replacing one, two, or all three 
hydroxyl hydrogen atoms in this way :— 


C.H.j! 


OH 
OH 
_ OH 
[Glycerin] 


C,H, 


I 


OH 


.( OH 


OH C 3 H 5 ^ O.CH 3 .CO 

{ O.CH 3 .CO ( O.CH..CO 


C.H 


[Monoacetin] 


[Diacetin] 


( O.CH 3 .CO 
A O.CH v CO 
( O.CH..CO 
[Triaoetinj 


Triacetin is a type of a neutral fat; stearin, palmitin, and olein 
ought more properly to be called tristearin , tripalmitin , and tri¬ 
olein respectively. Each consists of glycerin in which the three 
atoms of hydrogen in the hydroxyls are replaced by radicles of 
the fatty acid. This is represented in the following formulae :— 

Arid. Ktidirlr. Fat. 

Palmitic acid C„H 3l .COOH Palmityl C 16 H 3 ..CO Palmitin C 3 H 5 (OC 15 H 31 .CO) 3 
Stearic acid C^H^.COOH Stearyl C„H 36 .CO Stearin C 3 H 6 (OC 17 H 35 .CO) 3 
Oleic acid C„H 33 .COOH Oleyl C„H 33 .C0 Olein C 3 H 3 (OC 17 H 33 .CO) 3 


Decomposition Products of the Pats. —The fats split up 
into the substances out of which they are built up. 

Under the influence of superheated steam, mineral acids, and 
in the body by means of certain ferments (for ins tance, the fat ¬ 
splitting ferment stcapsin o f the pancreatic juice), a fat combines 
with water and splits into gl ycerlp and .the fatty -acid. The 
following equation represents what occurs in a fat, taking tripal¬ 
mitin as an example :— 


C,H (O.C, I H CO) 3 + 3 H a O 
d mi tin—a fat] 


C 3 H s (OH) 3 + 3 C lf H 31 CO.OH 
[Glycerin] [Palmitic acid—a fatty acid] 


In the process of saponification much the same sort of 
reaction occurs, the Anal produ cts being glycerin and a com¬ 
pound of the base with the fatty acid, which is called a soap. 
Suppose, for instance, that potassium hydrate is used; we get— 


0 H 5 (0.C 1# H CO), 
[Palmitin—a fat] 


+ 3 KHO = CH,(OH) + 3 C la H 31 CO.OK 

[Glycerin] [Potassium palmitate—a soap] 


Emulsification. —Another change that fats undergo in the 
body is very different from saponification. It is a physical rather 
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than a chemical change;.the fat is broken up into very small 
globules, such as are seen in the natural emulsion —milk. 

Lecithin (C^H^NPOj,).—This is a very whi 0 * 1 

yields on decomposition not only glycerine and tTfwWy (stearic) 
acid, but phfisphauc~~»cid, and afialkaloid [N. (T 7 H S ) 3 0 2 H,.<.b] 
called cholijis^j .n addition. This substance is found to a great 
extent iri the nervous system (see p. 170), and to a small extent 
in bile. Together with cholesterin, a crystallisable, monatomic 
alcohol (CjyHjij.HG), which we shall consider more at length in 
connection with the bile, it is found in small quantities in the 
protoplasm of all cells. 


The Proteids. 


The proteids are the most important substances that occur iu 
animal and vegetable organisms ; none of the phenomena of life 
occur without their presence ; and though it is impossible to state 
positively that they occur as such in living protoplasm, they are 
invariably obtained by subjecting living structures to analytical 
processes. 

Proteids. are highly complex and (for the most part) uncrystal- 
lisable compounds of carbon, hydrogen, oxygen, nitrogen, and 
sulphur occurring in a solid viscous condition or in solution in 
nearly all the liquids and solids of the body. The different 
members of the group present differences in chemical and physical 
properties. They all possess, however, certain common chemical 
reactions, and are united by a close genetic relationship. 

The various proteids differ a good deal in elementary composi¬ 
tion. Hoppc-Seyler gives the following percentages:— 


C 

Si'S 

54‘5 


H N H O 

69 152 0-3 209 

73 17-0 20 235 


We are, however, not acquainted with the constitutional for¬ 
mula of proteid substances. There have been many theories on 
the subject, but practically all that is known with certainty is 
that many different substances may be obtained by the decompo¬ 
sition of proteids. How they are built up into the proteid mole¬ 
cule is unknown. The decompositions that occur in the body 
are, moreover, different from those which can be made to occur 
in the laboratory; hence thg conclusion that living protoplasm 
differs somewhat from the non-living proteid material obtainable 
from it. 

(1) In the body. Carbonic acid, water, and urea are the chief 
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final product s. Glycoc ine, leucine, creatine, tiric acid, <kc. , a rc 
probably intermediate products. Carbohyd rate s (glycogen) and 
"tats may also origina te fr o m prot eids. 

(2) Outside the body. Various strong reagents break up 
proteids into ammonia, carbonic acid, amines, fatty acids, amido- 
acids like leucine, lysatine and glycocine, and aromatic compounds 
like tyrosine. 

Solubilities. —All proteids are insoluble in alcohol and ether. 
Some are soluble in water, others insoluble. Many of the latter 
are soluble in weak saline solutions. Some are insoluble, others 
soluble in concentrated saline solutions. It is on these varying 
solubilities that proteids are classified. 

All proteids are soluble with the aid of heat in concentrated 
mineral acids and alkalies. Such treatment, however, decomposes 
as well as dissolves the proteid. Proteid s are also soluble in 
. gastric and pancreatic juices ; but here, again, they undergo a 
I change, being converted into a hydrated variety of proteid called 
peptone. The intermediate substances formed in this process are 
called proteoses or allmmoses. Commercial peptone contains a 
mixture of proteoses and true peptone. 

Heat Coagulation. —Most native proteids, like white of egg, 
are rendered insoluble when their solutions are heated. The 
temperature of heat coagulation differs in different proteids ; thus 
myosinogen and fibrinogen coagulate at 56° C., serum albumin and 
serum globulin at about 75 0 C. 

The proteids w hich -^xe-coagulated by heat come under two 
classes : th §_odburnim a,i\d. t&m.globulins. These differ in solubility; 
the albumins are soluble in distilled water, the globulins require 
salts .to hold them in solution. 

Indififusibility. —The proteids (peptones excepted) belong to 
the class of substances called colloids by Thomas Graham ; that 
is, they pass with difficulty, or not at all, through animal mem¬ 
branes. In the construction of dialysers, vegetable parchment is 
largely used. 

Proteids may thus be separated from diffusible ( crystalloid ) 
substances like salts, but the process is a tedious one* If some 
serum or white of egg is placed in a dialyser and distilled water 
outside, the greater amount of the salts passes into the water 
through the membrane and are replaced by water ; the two pro¬ 
teids albumin and globulin remain inside; the globulin is how¬ 
ever precipitated, as the salts which previously kept it in solution 
are removed. 

Action on Polarised Light. —All proteids are levo-rotatorv, 
the amount of rotation varying with individual proteufsT 
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Colour Reactions.* —The principal colour reactions by which 
proteids are recognised are the following:— 

(r) The xantho-proteic reaction ; if a few drops of nitric 
acid are added to a solution of a proteid like white of egg, 
the result is a white precipitate; this and the surrounding 
liquid become yellow on boiling and are turned orange by 
ammonia. The preliminary white precipitate is not* given by 
some proteids like peptones; the colours, however, are always the 
same. 

(2) Milton’s reaction. Millon’s reagent is a mixture of mercuric 
and mercurous nitrate with excess of nitric acid. This gives a 
white precipitate with proteids which is turned brick-red on 
boiling. 

(3) Copper sulphate, or Piotrowski's test. A trace of copper 
sulphate and excess of strong caustic potash give with most 
proteids a violet solution. Proteoses and peptones, however, give 
a rose-red colour instead; this same colour is given by the 
substance called biuret ; f hence the test is generally called the 
biuret reaction. 

Frecipitants of Proteids. —Solutions of most proteids are 
precipitated by:— 

1. Strong acids like nitric acid. 

2. Picric acid. 

3. Acetic acid and potassium ferrocyanide. 

4. Acetic acid and excess of a neutral salt like sodium sulphate ; 
these are boiled with the proteid solution. 

5. Salt of the heavy metals like copper sulphate, mercuric 
chloride, lead acetate,.silver nitrate, ifcc. 

6 . Tannin. 

7. Alcohol. 

8 . Saturation with certain neutral salts such as ammonium 
sulphate. 

It is necessary that the words coagulation and p recipita tion 
should in connection with proteids be carefully distinguished. 
The term coagulationis used when an insoluble .proteid (coagulated 
proteid) is formed from'a sohibie.,Qne. This may occur :— 

1. When a proteid is heated— heat coagulation ; 


* The first two colour reactions described depend on the presence in 
proteids of aromatic radicles. The third depends on the presence and 
arrangement of a CONH group. 

t Biuret is formed by heating sfclid urea : ammonia passes off and leaves 
biuret, thus 

2C0N a H, - nh 3 = c.o s n,h 5 

[Urea] [Ammonia] [Biuret] 
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2. Under the influence of a ferment; for instance, when a curd 
is formed in milk by rennet or a clot in shed blood by the librin 
ferment —ferment coagulation ; 

3. When an insoluble precipitate is produced by the addition 
of certain reagents (nitric acid, picric acid, tannin, &c.). 

There are, however, other precipitants of pro teids in which t he 
precip itate, formed is readily , soluble iu-auitab le r ea gents li ke 
saline solutions, and the proteid continues to show its typical 
reactions. Such precipitation is not coagulation. Such a preci¬ 
pitate is produced by saturation with ammonium sulphate. 
Certain proteids, called globulins, are more readily precipitated 
by such means than others. Thus, serum globulin is precipi¬ 
tated by half-saturation with ammonium sulphate. Full satura¬ 
tion with ammonium sulphate precipitates all proteids but 
peptone. The globulins are precipitated by certain salts, like 
sodium chloride and magnesium sulphate, which do not precipi¬ 
tate the albumins. 

The precipitation produced by alcohol is peculiar in that after 
a time it becomes a coagulation. Proteid freshly precipitated by 
alcohol is readily soluble in water or saline media; but after it 
has been allowed to stand some weeks under alcohol it becomes 
more and more insoluble. Albumins and globulins are most 
readily rendered insoluble by this method; albumoses ami pep¬ 
tones are apparently never rendered insoluble by the action of 
alcohol. This fact is of value in the separation of these proteids 
from others. 


ClaMpflcation. 

Both animal and vegetable proteids can be divided into the 
following six classes. We shall, however, be chiefly concerned 
with the animal proteids :— 

Class I. Albumins. —These are soluble in water, in dilute 
saline solutions, and in saturated solutions of sodium chloride and 
magnesium sulphate. They are, however, precipitated by satu¬ 
rating their solutions with ammonium sulphate. Their solutions 
are coagulated by heat, usually at 70-7 3 0 C. The follow ing are 
instances:— 

(a) Serum albumin. Not precipitated by ether. 

( b) Egg albumin. Precipitated by ether. 

(c) Lact-albumiu (see Milk). 

Class II. Globulins. —These are insoluble in water, soluble 
in dilute saline solutions, and insoluble in concentrated solutions 
of neutral salts like sodium chloride, magnesium sulphate, and 
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ammonium sulphate. A -globulin dissolved in a dilute saline 
solution may therefore be precipitated— 

1. By removing the salt—by dialysis (see p. 558). 

2. By increasing the amount of salt. The best salts to employ 
are ammonium sulphate (half saturation) or magnesium sulphate 
(complete saturation). 

The globulins are coagulated by heat; the temperature of heat 
coagulation varies considerably. The following are instances :— 

(a) Fibrinogen I . ., , ' 

(b) Serum globulin (paraglobulin) j" m 00 P asma - 

(c) Globin, the proteid constituent of haemoglobin. 

(d) Myosinogen in muscle. 

(e) Crystallin in the crystalline lens. 

If we compare together these two classes of proteids, the most 
important of the native proteids, wo find that they all give the 
same general tests, that all are coagulated by heat, but that they 
differ in solubilities. This difference in solubility may be stated 
in tabular form as follows :— 


Reagent. 

Albumin. 

Globulin. 

Water. 

soluble 

insoluble 

Dilute saline solution .... 
Maturated solution of magnesium sul- 

soluble 

soluble 

l phate or sodium chloride . 

' Half-saturated solution of ammonium 

soluble 

insoluble 

sulphate. 

Saturated solution of ammonium sul- 

soluble 

ins duble 

phate 

insoluble 

insoluble 


Class III. Albuminates are compounds of proteid with 
mineral substances. Thus, if a solution of copper sulphate is added 
to a solution of albumin, a precipitate of copper albuminate is 
obtained. Similarly, by the addition of other salts of the heavy 
metals, other metallic albuminates are obtainable. 

The albuminates which are obtained by the action of dilute 
acids and alkalies on either albumins or globulins are, however, of 
greater physiological interest, and it is to these we shall confine 
our attention. The general properties of the acid-albumin or 
syntonin, and the alkali-albumin, which are thereby respec¬ 
tively formed, are as follow: they are insoluble in pure water, 
but are soluble in either acid ®or alkali, and are precipitated 
by neutralisation unless disturbing influences like the presence 
of sodium phosphate are present. Like globulins, they are 
precipitated by saturation with such neutral saltB as sodium 
k . p > “00 
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chloride and magnesium sulphate. They are not coagulated by 
heat. 

A variety of alkali-albumin (probably a compound containing a 
large quantity of alkali) may be formed by adding strong potash 
to undiluted white of egg. The resulting jelly is called Lieber- 
kiihn’8 jelly. A similar jelly is formed by adding strong acetic 
acid to undiluted egg-white. 

Caseinogen, the chief proteid in milk, was at one time regarded 
as being a native alkali-albumin. It certainly is precipitated by 
acid, but we shall find that there are several reasons why it is no 
longer considered an alkali-albumiq. 

Class IV. Nueleo-proteids. —Compounds of proteids with 
nuclein. They are found in the protoplasm of .cells. Caseinogen 
of milk and vitellin of egg-yolk are similar substances. In 
physical characters they often closely simulate mucin; in fact, 
the substance called mucin in the bile is in some animals a 
nucleo-proteid. They may be distinguished from mucin by the 
fact that they yield on gastric digestion not only peptone ...but 
jalso an insoluble residue of nuclein which is soluble in alkal is. 
Us precipitable by acetic acid from such a solution, and contains a 
high percentage (6-8) of phosphorus. 

Some of the nucleo-proteids also contain iron, and it is probable 
that the normal supply of iron to the body is contained in the 
nucleo-proteids, or heematogens (Bunge), of plant and animal cells. 

The relationship of nucleo-proteids to the coagulation of the 
blood is described in the next chapter. 

Nucleo-proteids may be prepared from cellular structures like 
testis, thymus, kidney, &c. by two methods:— 

1. Wooldridge’s method. —The organ is minced and soaked in 
water for 24 hours. Acetic acid added to the aqueous extract 
precipitates the nucleo-proteid, or as Wooldridge called it tissue 
fibrinogen. 

2. Sodium chloride method. —The minced organ is ground up 
in a mortar with solid sodium chloride; the resulting viscous 
mass is poured into excess of distilled water, and the nucleo- 
proteids rises in strings to the top of the water. 

The solvent usually employed for a nucleo-proteid, whichever 
method it is prepared by, is a r per cent, solution of sodium 
carbonate. 


Class V Proteose* f These products of digestion will be 

ni vt' tj 4. i studied in connection with that 
Class VI. Peptones j j». , 

( subject. 

Class VII. Coagulated Proteids. —-There are two sub¬ 
divisions of these:— 
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(a) Proteids in which coagulation has been produced by heat; 
they are insoluble in water, saline solutions, weak acids, and weak 
alkalis; soluble after prolonged boiling in concentrated mineral 
acids; dissolved by gastric and pancreatic juices, they give rise to 
peptones. 

(&) Proteids in which coagulation has been produced by 
ferments:— 

i. Fibrin (see Blood). 

ii. Myosin (see Muscle). 

iii. Casein (see Milk). 

The Polarimeter. 

This instrument is one by means of which the action of various 
substances on the plane of polarised light can be observed and 
measured. 

Most of the carbohydrates are dextro-rotatory. 

All the proteids are levo-rotatory. 

There are many varieties of the instrument; these can only 
be properly studied in a practical class, and all one can do here is 
to state briefly the principles on which they are constructed. 

Suppose one is shooting arrows at a fence made up of narrow 
vertical palings; suppose also that the arrows are flat like the 
laths of a Venetian blind. If the arrows are shot vertically they 
will pass easily through the gaps between the palings, but if they 
are shot horizontally they will be unable to pass through at all. 
This rough illustration will help us in understanding what is 
meant by polarised Kght. Ordinary light is produced by the 
undulations of eether occurring in all directions at right angles to 
the path of propagation of the wave. Polarised light is produced 
by undulations in one plane only; we may compare it to our flat 
arrows. 

In a polarimeter, there is at one end of the instrument a 
Nicol’s prism, which is made of Iceland spar. This polarises the 
light which passes through it; it is called the polariser. At the 
other end of the instrument is another called the analyser. 
Between the two is a tube which can be filled with fluid. If the 
analyser is parallel to the polariser, the light will pass through to 
the eye of the observer. But if the analyser is at right angles to 
the polariser, it is like the flat arrows hitting horizontally the 
vertical palings of the fence, tyid there is darkness. At inter¬ 
mediate angles there will be intermediate'degrees of illumination. 

If the analyser and polariser are parallel and the intermediate, 
tube filled with water, the light will pass as usual, because water 

oo2 
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has no action on the plane of polarised light. But if the water 
contains sugar or some * optically active ’ substance in solution, 
the plane is twisted in one direction or the other according as the 
substance is dextro- or levo-rotatory. The amount of rotation is 
measured by the number of angles through which the analyser 
has to be turned in order to obtain the full illumination. This 
will vary with the length of the tube and the strength of the 
solution. 

Albuminoids. 

The albuminoids are a group of substances which, though 
similar to the proteids in many particulars, differ from them in 
certain other points. The principal members of the group are 
the following:— 

Collagen, th e su bstance of which .the white fibres of co nne ctive 
tissue are composed. Some observers regard it as tin anhydride 
of gelatin. In bone, it is often called ossein. 

, Gelatin.—This substance is produced by boiling collagen with 
water. It possesses the peculiar property of setting into a jelly 
when a solution made with hot water cools. It gives most of the 
proteid colour tests. Many observers state, however, that it 
contains no sulphur. On digestion it is like proteid converted 
into peptone-like substances, and is readily absorbed. Though it 
will replace in diet a certain quantity of proteid, acting as what is 
called a ‘ proteid-sparing ’ food, it cannot altogether take the 
place of proteid as a food. Animals fed on gelatin instead of 
proteid waste rapidly. 

Chondrin, the very similar substance obtained from hyaline 
cartilage is a mixture of gelatin with mucinoid materials. 

Mucin. —This is a widely distributed substance .occurring in 
e pithelial cells, or shed out by them (mucus, mucous glands, 
■goblet cells)"; and in connecti ve ti ssiie, where it forms the chief 
constituent of the ground substance or intercellular material. 

There are several varieties of mucin, but all agree in the 
following points :— 

(а) Physical character. Viscid and tenacious. 

( б ) Precipitability from solutions by acetic acid; they an 1 
soluble in dilute alkalis like lime water. 

(c) They are all compounds of a proteid with a .carbohydrate 
called animal gum, which by treatment with dilute mineral acid 
can be hydrated into a reducing but non-fermentable sugar.* 


* Recent work has shown that by the use of somewhat elaborate methods, 
small quantities of a carbohydrate may be split off from various other 
proteids and albuminoids. 
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Elastin. —This is the substance of which the y ellow o r elastic 
fibres^ of connecti v e tissue It is afvery msoliible 

material. The ’ sareolemma of muscular fibres and certain base¬ 
ment membranes are very similar. 

3S ‘uclein 1 the ch ief constituent . of cell -nuclei. A similar 
substance is also founcTm milk and yolk of egg. Its physical 
characters are something like mucin, but it differs chemically t in 
containing a high percentage of phosphorus. Nuclein, the chief 
constituent of which is a complex organic acid called nucleic acid, 
appears to be identical with the chromatin of histologists (see 
p. 11 ). 

Keratin, or homy material, is the substance found in the sur¬ 
face layers of the epidermis, in hairs, nails, hoofs, and horns. It 
is very insoluble, and chiefly differs from proteids in its high 
percentage of sulphur. A similar substance, called neurokeratin, 
is found in neuroglia and nerve fibres. In this connection it is 
interesting to note that the epidermis and the nervous system are 
both formed from the same layer of the embryo—the epiblast. • 

Ferments. 

The word fermentation was first applied to the change of 
sugar into alcohol and carbonic acid by means of yeast. The 
evolution of carbonic acid causes frothing 
and bubbling; hence the term ‘ fermenta¬ 
tion.’ The agent ye ast which produces this 
is called the -farmenfa. Microscopic investiga¬ 
tion shows that yeast is composed of minute 
rapidly-growing unicellula r orga nisms (torulse) 
belonging to th e fun gus group of plants. 

The souring of milk, the transformation of 
urea into ammonium carbonate in decom¬ 
posing urine, and the formation of vinegar 
(acetic acid) from alcohol, are produced by of budding, 
very similar organisms. The complex series 
of changes known as putrefaction which are accompanied by the 
formation of malodorous gases, and which are produced by the 
various forms of bacteria, also come into the same category. 

That the change or fermentation is produced by these organisms 
is shown by the fact that it occurs only when the organisms are 
present, and stops when they are removed* or killed by a high 
temperature or by certain substances (carbolic acid, mercuric 
chloride, &c.) called antiseptics. 
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The ‘ germ theory ’ of disease explains the infectious diseases by 
considering that the change in the system is of the nature of 
fermentation, and, like the others we have mentioned, produced 
by microbes; the transference of the bacteria or their spores from 
one person to another constitutes infection. The poisons pro¬ 
duced by the growing bacteria appear to be either alkaloidal 
(ptomaines) or proteid in nature. The existence of poisonous 
proteids is a very remarkable thing, as no chemical differences 
can be shown to exist between them and those which are not 
poisonous, but which are useful as foods. The most virulent 
poison in existence, namely snake poison, is a proteid of the 
proteose class. 

There is another class of chemical transformations which differ 
very considerably from all of these. They, however, resemble 
these fermentations in the fact that they occur independently of 



Fig. 474.—Types of micro-organism*. a, micrococci arranged wingly ; in twon, diplocoeci— 
if all the micrococci at a were grouped together, they would be called staphylococci— 
and in fours, sareinte; b, micrococci, in chains streptococci; c and d, bacilli of various 
kinds, one is represented with flagellum; e, various forms of spirilla; /, spores either 
free or in bacilli. 

any apparent change in the agents that produce them. The 
agents that produce them are not living organisms, but chemical 
substances, the result of the activity of living cells. The 
change of .starch into sugar by .the ptyalin of the saliv a is.-a n 
instance. 

Ferments may therefore be divided into two classes :— 

1. The organised ferments—torulse, bacteria, &c. 

2. The unorganised ferments or enzymes—like ptyalin. 

Each may be again subdivided according to the nature of the 
chemical change produced. ■ 

In digestion, the study of which we shall be soon commencing, 
it is the unorganised ferments with the action of which we have 
chiefly to deal. 
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The unorganised ferments may be classified as follows:— 

(a) Amylolytie—those which change amyloses (starch, glycogen) 
into sugars. Examples : ptyalin, diastase, amylopsin. 

(b) Proteolytic—those which change proteids into proteoses and 
peptones. Examples : pepsin, trypsin. 

(c) Steatolytic—those which split fats into fatty acids and 
glycerine. An example, steapsin, is found in pancreatic juice. 

( d) Inversive—those which conyert saccharoses (cane sugar, 
maltose, lactose) into glucose. Examples: invertin of intestinal 
juice and of yeast cells. 

(e) Coagulative—those which convert soluble into insoluble 
proteids. Examples: rennet, fibrin ferment, myosin ferment. 

Most ferment actions are hydrolytic— i.e., water is added to the 
material acted on, which then splits into new materials. This is 
seen by the following examples :— 

1. Conversion of cellulose into carbonic acid and marsh gas 
(methane) by putrefactive organisms. 

(C 6 H 10 O 5 )n + nH 2 O = 3 nC 0 2 + 3 nCH, 

[cellulose] [water] [carbonic [methane] 
acid] 

'' \ 

2. Inversion of cane sugar by the unorganised ferment 
invertin :— 

C 12 H 22 O n + H 2 0 = C a H I2 0 6 + C 6 H 12 0 6 

[cane sugar] [water] [dextrose] [levuloae] 

i 

A remarkable fact concerning the ferments is that the sub¬ 
stances they produce, in time put a stop to their activity j thus in 
the case of the organised ferments the alcohol produced by yeast, 
the phenol, cresol, &c., produced by putrefactive’ organisms from 
proteids, first stop the growth of, and ultimately kill the 
organisms which produce them. In the case of the unorganised 
ferments, the products of their activity hinder and finally stop 
their action, but on the removal of these products the ferments 
resume work. 

Ferments act best at a temperature of about 40° C. Their 
activity is stopped, but the ferments are not destroyed by cold ; 
it is stopped and the ferments killed by too great heat. A certain 
amount of moisture and oxygen is also necessary ; there are, 
however, certain micro-organisms that act without free oxygen, 
and are called anaerobic in contradistinction to those which 
require oxygen, and are called aerobic. 
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The chemical nature of the enzymetf or unorganised ferments is 
very difficult to investigate; they are substances that elude the 
grasp of the chemist to a great extent. So far, however, research 
has taught us that they are either proteid in nature or are 
substances closely allied to the proteids. 


CHAPTER* XLI. 

THE BLOOD. 

The ^ bloo d is the fluid medium by means of which all the 
tissues of the "body are" "directly or indirectly pourishecT; ~ by 
means of it also such of the materials which result from the 
metabolism of the tissues as are of no further use in the 
economy, are carried to the excretory organs to be removed from 
the body. It is a somewhat viscid fluid, and in man and in all 
other vertebrate animals with the exception of two,* is red in 
colour. The exact shade of red is variable ; that taken from the 
arteries, from the left side of the heart and from the pulmonary 
veins is of a bright scarlet hue, that obtained from the systemic 
veins, from the right side of the heart, and from the pulmonary 
artery, is of a much darker colour. At first sight, the red colour 
appears to belong to the whole mass of blood, but on further 
examination this is found not to be the case. In reality blood 
consists of an almost colourless fluid, called pla sma or liquo r 
«i»ippn-ni«| m which are suspended numerous blood corpuscles , 
which are, for the most part, coloured, and it is to their presence 
in the fluid that the red colour of the blood is due. 

Even when examin ed in very thin layers, blood on 

accoun t o f the differen t refract ive powers pn«HP«np*i by-ita two 
"constituents, viz ., tfi eTplasma, -antf-the aairpuaqles. On treatment 
with ether, water, and other reagents, however, it becomes trans¬ 
parent and assumes a lake colour, in consequence of the colouring 
matter of the corpuscles having been discharged into the plasma. 
The average ggaedjfc-gmvity of blood at isf° C. ( 6o° F.), varies 
from to 1062. A rapid and useful method of estimating 
the specific gravity of blood was invented by Roy. Drops of blood 
are taken and allowed to fall into fluids of known specific gravity. 


* The am phi cam* and the lepttwepiuilu*. 
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Vhen the drop neither rises nor sinks in the fluid, it is taken to 
be of the same specific gravity as that of the standard fluid. The 
reaction of blood ia faintly alk ali ne and the taste saltish . Its 
temnerature varies slightly, the averagTbeinZ^ji^flSrY100° F.). 
The' 'bT 5 Wf _ stream • is warmed by passing through the muscles, 
nerve centres, and glands, but is somewhat cooled on traversing 
the capillaries of the skin. Recently-drawn blood has a distinct 
odour , which in many cases is characteristic of the animal from 
which it has been taken. It may be further developed by adding 
to blood a mixture of equal parts' of sulphuric acid and water. 

Quantity of the Blood* —The quantity of blood in any 
animal under normal conditions bears a fairly constant relation to 
the body-weight. The methods employed for estimating it are 
not so simple as might at first sight have been thought. For 
example, it would not be possible to get any accurate information 
on the point from the amount obtained by rapidly bleeding an 
animal to death, for then an indefinite quantity would remain in 
the vessels, as well as in the tissues ; nor, on the other hand, 
would it be possible to obtain a correct estimate by less rapid 
bleeding, as, since life would be more prolonged, time would be 
allowed for the passage into the blood of lymph from the lym¬ 
phatic vessels and from the tissues. In the former case, there¬ 
fore, we should under-estimate, and in the latter over-estimate the 
total amount of the blood. 

Of the several methods which have been employed, the most 
accurate is the following. A small quantity of blood is taken 
from an animal by venesection; it is defibrinated and measured, 
and used to make standard Solutions of blood. The animal is 
then rapidly bled to death, and the blood which escapes is 
collected. Thd blood-vessels are next washed out with saline 
solution until the washings are no longer coloured, and these are 
added to the previously-withdrawn blood; lastly the whole 
animal is finely minced with saline solution. The fluid obtained 
from the mincings is carefully filtered, and added to the diluted 
blood previously obtained, and the whole is measured. The next 
step in the process is the comparison of the colour of the diluted 
blood with that of standard solutions of blood and water of a 
known strength, until it is discovered to what standard solution 
the diluted blood corresponds. As the amount of blood in the 
corresponding standard solution is known, as well as the total 
quantity of diluted blood obtajped from the animal, it is easy to 
calculate the absolute amount of blood which the latter contained, 
and to this is added the small amount which was withdrawn to 
make the standard solutions. This gives the total amount of 
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blood which the animal contained. * It is contrasted with the 
weight of the animal, previously known. 

The result of many experiments shows that the quantity of blood 
in various animals aver ages . tV to T V of the total body-w eight . 

A n estimate of theTquf^ corresponded nearly 

with this proportion, has been more than once made from the 
following data. A criminal was weighed before and after decapi¬ 
tation ; the difference in the weight representing the quantity 
of blood which escaped. The blood-vessels of the head and trunk 
were then washed out by the injection of water, until the fluid 
which escaped had only a pale red or straw colour. This fluid 
was then also weighed ; and the amount of blood which it repre¬ 
sented was calculated by comparing the proportion of solid matter 
contained in it with that of the first blood which escaped on de¬ 
capitation. Two experiments of this kind gave precisely similar 
results. (Weber and Lehmann.) 

Coagulation of the Blood. 

One of the most characteristic properties which the blood 
possesses is that of clotting or coagula ting. This phenomenon 
may be observed under the most favourable conditions in blood 
which has been drawn into an open vessel. In about two or three 
minutes, at the ordinary temperature of the air, the surface of 
the fluid is seen to become semi-solid or jelly-like , and this change 
takes place, in a minute or two afterwards at the sides of the 
vessel in which it is contained, and then extends throughout the 
entire mass. The time which is occupied in these changes is 
about eight or nin e minutes. The solid mass is of exactly the 
same voItnfleaiTtheTpreviously liquid blood, and adheres so closely 
to the sides of the containing vessel that if the latter be inverted 
none of its contents escape. The solid mass is the crassamentum 
or clot . If the clot is watched for a few minutes, drops of a 
fight, straw-coloured fluid, the serum, may be seen to make their 
appearance on the surface, and, as they become more and more 
numerous, to run together, forming a complete superficial stratum 
above the solid clot. At the same time the fluid begins to tran¬ 
sude at the sides and at the under-surface of the clot, which in 
the course of an hour or two floats in the liquid. The first drops 
of serum appear on the surface about eleven or twelve minutes 
after the blood has been drawij ; and the fluid continues to 
transude for from thirty-six to forty-eight hours. 

The clotting of blood is due to the deve lopment in it of a sub: 
stance called -fibrin , which appears as a meshwork (fig. ALSli^ 
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fine fibril s. This meshwork entangles and encloses within itself 
lElTTTood corpuscles. The first clot formed, therefore, includes 
the whole of the constituents of the blood in an apparently solid 
mass, but soon the fibrinous meshwork begins to contract and the 
serum whiph does not belong to the clot is squeezed out. When 
the whole of the serum has transuded the clot is found to be 
smaller, but firmer and harder, as it is now made up chiefly of 
fibrin and blood corpuscles. Thus coagulation rearranges th e 
c onstituents of the blood ; liquid blooa MiHg" maie up of plasma 
and blood corpuscles, and p lotte d bl ood of serum and c lot. 

Ei brln is, formed .from , the plasma., a.nrl may be obtain eri free 
from corpuscles when blood plasma is allowed to clot, the corpuscles 



Fig- 475-—Reticulum of fibrin, from a drop of human blood, after treatment with 

rosanilin. (Banvier.) ^ ' 


having previously been removed. It may be also obtained from 
blood by whipping it with a bunch of twigs ; the fibrin adheres 
to the twigs and entangles but few corpuscles. These may be 
removed by washing with water. Serum is plasma minus fibrin. 
The relation of plasma, serum, and clot can be seen at a glance in 
the following scheme of the constituents of the blood :— 


/Plasma 


Blood 




f Seruni\ 
( Fibrin 


VCorpu^cles 


Clot 


It may be roughly stated that in ioo parts by weight of blood 
60-65 parts consist. of plasma and 35^d“dT^?JSl^le9r" 
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The huffy coat is seen when blood coagulates slowly,, as in. 
horses’ blood. The rad norp i^l ^ Rink mnr^ rapidl y than, the 
white, and the, uppe r stratum of the clot (buffy coat) -consists 
mainly of fibrin and white corpuscles. 

^ Coagulation is hastened by— 

1. A temperature a little over that of the body. 

2. Contact with foreign matter. 

3. Agitation. 

4. Addition of calcium salts. 

j Coagulation is hindered or prevented by— 
s 1. A low temperature. In a vessel cooled by ice, coagulation 
may be prevented for an hour or more. 

2. The addition of a large quantity of neutral salts like sodium 
sulphate or magnesium sulphate. . 

3. Contact with the living vascular walls. 

4. Contact with oil. 

5. Addition of oxalates : these precipitate the calcium necessary 
for coagulation as insoluble calcium oxalate. 

6. Injection of commercial peptone (which consists chiefly of 
proteoses) into the circulation of the living animal. 

7. Addition of leech extract. This acts in virtue of a proteose 
it contains. 

JTJjeJbggjy generally received which accounts best for the 
coagulation of the blood is that of Hammarsten. and it may be 
briefly stated as follows :— 

When blood is within the vessels one of the constituents of the 
plasma, a proteid of the globulin class called fibrinogen, exists in a 
soluble form. 

When the blood is shed the fibrinogen molecule is split into two 
j parts : one part is a globulin, which remains in solution, the other 
is the insoluble material fibrin. 

This change is brought about by the activity of a special unorgan¬ 
ised ferment called the Hbrin-ferm enL 

This ferment does not exist in healthy blood contained in healthy 
blood-vessels, but is one of the products of the disintegration of the 
white corpuscles and blood tablets that occurs when the blood leaves 
i the vessels or comes into contact with foreign matter. 

To this it may be added, as the result of recent research, that 
a soluble calcium salt is essential for the effective action of the 
ferment; that the fibrin-ferment belongs to the class of nueleo-* 
proteids ; that other nueleo-proteids (Wooldridge’s tissue-fibrino¬ 
gens) obtained from most of the cellular organs of the body 
produce intravascular clotting when injected into the circulation 
of a living animal. It has been suggested that fibrin-ferment is 
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the agent by means of which the calcium and fibrinogen are 
united to form fibrin; 

The Plasma and Serum. 

The liquid in which the corpuscles float may b§ obtained by 
employing one or other of the methods already described for 



Fig. 476.—Plan and seotion of centrifugal machine. *, an iron socket secured to top of 
table b ; c, a steel spindle carrying the turntable n, and turning freely in a ; b, a 
flange round turntable o; ck, shallow grooves on face of n, in which the test tubes are 
fixed by clamps 00; h, a pulley fixed to end of spindle c, and. turned by the oord k ; 
x 1 are two guide pulleys for cord k. (Gamgee.) 

preventing the blood from coagulating. The corpuscles being 
heavy sink, and the supernatant plasma can then be removed by 
a pipette or siphon, or more thoroughly by the use of a centrifugal 
machine (see fig. 476). 

On counteracting the influence which has prevented the blood 
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from coagulating, the plasma then itself coagulates. Thus plaama 
obtained by the use of cold clots on warming gently \ plasma 
which has been decalcified by the action of a soluble oxalate clots 
on the addition of a calcium salt; plasma obtained by the use of 
a strong solution of salt coagulates when this is diluted by the 
addition- of water, the addition of fibrin-ferment being necessary 
in most cases; where coagulation occurs without the addition of 
fibrin-ferment, no doubt some is already present from the partial 
disintegration of the corpuscles which has already occurred. 
Pericardial and hydrocele fluid resemble pure plasma very closely 
in composition. As a rule, however, they contain few or no white 
corpuscles, and do not clot spontaneously, but after the addition 
of fibrin-ferment, or liquids like serum that contain fibrin-ferment, 
they always yield fibrin. 

Pure plasma may be obtained from horses’ veins by what is 
known as the “living test-tube” experiment. If the jugular vein 
is ligatured in two places so as to include a quantity of blood 
within it, then removed from the animal and hung in a cool 
place, the blood will not clot for many hours. The corpuscles 
settle and the supernatant plasma can be removed with a 
pipette. 

The plasma is alkaline, yellowish in tint, and its specific gravity 
is about 1026 to 1029. 1000 parts of plasma contain:— 


Water ...... 

. 902-90 

Solids. 

. . 97-10 

Proteids r 1. yield of fibrin 

4 °S 

2, other proteids . 

. . 78-84 

Extractives (including fat) 

5'66 

Inorganic salts .... 

■ • 8'55 


In round numbers, p lasma contains 10 per cent, of solids, of 
which 8 are prqtgid in nature. 

Se rum contain s the same three classes of constituents —pro - 
teids, extract ives, and sa lts. The extractives and/salts are the 
same in both liquids. The proteids are different, as is shown in 
the following table :— 

Proteids of Plasma. 

Fibrinogen. 

Serum globulin. 

Serum albumin. 

The gases of plasma and seoua.^e small quantit ies o f oxygen, 
nitrogen, and carbonic acid. The greater part of the oxygen of 
the blood is combined in the red corpuscles with haemoglobin ; 
tl^ Oarbonic acid is chiefly combined as carbonates. The gases 




'rotmd* of Serum. 
Serum globulin. 
Serum albumin. 
Fibrin-ferment, 
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of the blood have been already considered under Respiration (see 
P* 54 ?)- 

We may now study one by one the various constituents of the 
plasma and serum. 

A. Proteids. Fibrinogen. —This is the substance acted on by 
fibrin-ferment. It yields, under this action, an insoluble product 
called fibrin, and a soluble proteid of the globulin class. 

Fibrinogen is a globulin. It differs from serum globulin, and 
may be separated from it by the fact that half-saturation with 
sodium chloride precipitates it. It coagulates by heat at the low 
temperature of 56° C. 

Serum globulin and serum albumin. —These substances exhibit 
the usual differences already described between albumins and globu¬ 
lins (p. 561). Both are coagulated by heat at a little over 7 o° C. 
They may be separated by dialysis or the use of neutral salts. 
The readiest way to separate them is to add to the serum an 
equal volume of saturated solution of ammonium sulphate. This 
is equivalent to semi-saturation, and it precipitates the globulin. 
If magnesium sulphate is used as a precipitant of the globulin, 
it must be added in the form of crystals, and the mixture well 
shaken to insure complete saturation. 

Serum globulin was formerly called fibrinoplastin, because it 
was believed to take some share in fibrin formation. It is also 
called paraglobulin. It may be imperfectly precipitated by 
diluting serum with twenty times its volume of water, and then 
adding a trace of acetic acid or passing a stream of carbonic acid 
gas through the diluted serum. 

Fibrin-ferment. —Schmidt’s method of preparing it is to take 
serum and add excess of alcohol. This precipitates all the 
proteids, fibrin-ferment included. After some weeks the alcohol 
is poured off; the serum globulin and serum albumin have been 
by this means rendered insoluble in water; an aqueous extract is, 
however, found to contain fibrin-ferment, which is not so easily 
coagulated by alcohol as the other proteids are. 

B. Extractives.— These are non-nitr ogenous and nit rogenous. 

The non-nitrogenous are fats, soaps, cholesterip and sugar; the 
nitrogenous are urea (o - 02 to 0-04 per cent.), and still smaller 
quantities of 'uric“acid, creatine, creatinine, xanthine, and hy po- 
xanthine. -...... 

C. Salts.—The most abundant salt is spdjjjyyyjsbloride: it con¬ 
stitutes between 60 and 90 per cent, of tluTtotal mineral matter. 
Potassium chlgcide is present*in much smaller amount. It consti¬ 
tutes abouF 4 per cent, of the total ash. The other salts are 
phosphates and sulphates. 
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Schmidt gives the following table;— 

1000 parts of plasma yield— 

Mineral matter.8-550 

Chlorine.3-640 

SO..0-115 

P, 0 5 . 0-191 

Potassium.0323 

Sodium.3-341 

Calcium phosphate ..... 0-311 

Magnesium phosphate.0-222 


The Blood-Corpuscles. 

There are two principal forms of corpuscles, the red ..a nd the 
yjhite, or, as they are now frequently named, the coloured and the 
colourless. In the moist state, the red corpuscl es form about. 4 5 
per cent, by weight of the whole mass of the blood. The propor¬ 
tion of colourless corpuscles is only as r to 560 or 600 of the 
coloured. 

* Red or Coloured Corpuscles. —Human red blood-corpuscles 
are circ ular^ .tegfingave discs with rounded edges, inch in 

diameter (7/4 to 8ju) and x^trtr > nc h or about 2 pc in thickness. 
When view-ed singly they appear of a pale yellowish tinge ; the 
deep red colour which they give to the blood being observable 
in them only when they are seen en masse. They are composed 
of a colourless, structureless, and transparent filmy framework or 
stroma , infiltrated in all parts by a red colouring matter termed 
hrpmnal ohin. The stroma is tough and elastic, so that, as the 
corpuscles circulate, they admit of changes of form, in adaptation 
to the vessels, and recover their natural shape as soon as they 
escape from compression. The colouring matter uniformly per¬ 
vades the stroma ; the consistency of the peripheral part of which 
is greater than that of the more central portions. This plays the 
part of a membrane in the processes of osmosis that occur when 
water and salt solution are added to the corpuscles. * 

The red c orpuscles h ave no nuclei; the unequal refraction of 
transmittedTight gives the appearance of a central spot, brighter 
or darker than the border, according as it is viewed in or out of 
focus. Their specific gravity is about 1088. 

The corpuscles of all mammals with the exception of the 
camelidse a re circular and b iconca ve. They are generally very 
nearly the size of human red corpuscles. They are smallest in 
the deer tribe and largest in the elephant. In the camelidee 
they are biconvex. In all mammals the corpuscles are noil- 
nucleated, and in all other vertebrates (birds, reptiles, amphibia, 
and fish) the corpuscles are oval, biconvex, and nucleated (fig. 
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480) and larger than in .mammals. -They are largest of all in 
certain amphibians (amphiuma, proteus). 

Thered corpuscles are not all alike, for in almost gvery speci¬ 
men of blood may be also observed'a certain number of gorpusc^ejS 
smaller than the rest. They are termed microcytes, oz .hceniato- 
blasts. And are proba bly immat ure c orpuscles . • 

A property of the red corpuscles, which is exaggerated in 
inflammatory blood, is a tendency to adhere together in rolls 
or columns (rouleaux), like piles of coins. These rolls quickly 
fasten together by their ends, and cluster; so that, when the 
blood is spread out thinly on a glass, they form an irregular 
network (fig. 477). 





Fig. 478.—Corpuscles of the frog. The 
central mam consists of nucleated 
coloured corpuscles. The other cor¬ 
puscles are two varieties of the 
colourless form. 


Action of Re-agents. —Considerable light has been thrown 011 the 
physical and chemical constitution of red blood-cells by studying the effects 
produced by mechanical means and by various re-agents ; the following is a 
brief summary of these re-actions :— 

Water .—When water is added gradually to frog’s blood, the tnaj. diac- 
shanecL corpuscles become spherical, and gradually discharge theirhiemo- 
glbbin, a pale, transparent stroma being left behind: human red blood-cells 
swell, change from a diseoidal to a sphflrpidal form, and discharge their 
pigment, becoming quite transuarent andjJl Jhut invisibl e. 

Saline solution produces no appreciable effect on the 
red blood-cells of the frog. In the red blood-cells of man 4 $- 
the discoid shape is ex changed for a spherical o ne - with W 

spinous proje ctions, like a horse-chestnut (fig. 479). Their , 7 „ - Effect 
tendencyftTfim Into rouleaux is prevented. „f + s^ine «o- 

Dilute acetic acid ca uses the nucleus of the reA blood -cells lution (erenu- 
ixt the f rog to become. more clearly defined ; if ~tEeaction is tion )- 
prolonged, the nucleus becomes strongly granulated, and all 
the colouring matter seems to be concentrated in it, the surrounding cejl- 
XP. jp p 
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f. 480.—The above illustration is somewhat altered from a drawing: by Gulliver, in the 
Proceed. Zool. Society, and exhibits the typical characters of the red blood-cells in the 
main divisions of the Vertebrata. The fractions are those of an inch, and represent 
the average diameter. In the case of the oval cells, only the long diameter is here 
given. It is remarkable, that although the size of the red blood-cells varies so much 
in the different classes of the vertebrate kingdom, that of the white corpuscles remains 
comparatively uniform, and thus they are, in some animals, larger, in others smaller, 
than the red corpuscles. 


substance and outline of the cell becoming almost invisible; after a time 
the cells lose their colour altogether. The cells in the figure 
(fig. 481) represent the successive stages of the change. A 
similar loss of colour occurs in the red corpuscles of human 
blood, which, however, from the absence of nuclei, seem to 
disappear entirely, 

CZgjF) JJilntc alkalis cause the red blood-cells to dissolve slowly, 

^and finally to disappear.~ 

Chloroform added to the red blood-cells of the frog cause* 
them to part, with t.lmir ji^mngiobin ; ihgvdrnipa nf the cell* 
beco mes gradually broken m i. A similar effect isl produced 
on the human red bTo<xT^q>uicles. 



* 5 -. 


acetic acid. 
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Fig-. (82.—Effect of 
tannin. 


Fig. 483.—Effect 
of borio acid. 




Fig. 484.—Effect of 
neat. 


- Tannic aoid. —When a 2 per pent, fresh solution of tannic acid is applied 
to frog's blood it causes the appearance of a sharply- 
defined little knob, projecting from the free surface 
(. Roberts' macula) : the colouring matter becomes at 
the same time concentrated in the nucleus, which grows 
more distinct (fig. 482). A somewhat, similar effect is 
produced-onJJjuJlmman .red blood-corpuscle, the, colour¬ 
ing matt er feeing discharged and-coagulated as.aJittlo 
fc flOfr p UTimmatin on the surface of the stroma. 

Doric ddiV^Ar 2''j'>ei'c<±nt. solution applied to 
nucleated red blood-cells (frog) will cause t he concentration. uf ali_.tl.ie 
colouring matter in t.hejijiclcus ; the coloured body thus'formed gradually 
quits its central position, and comes to be partly, sometimes 
entirely, protruded from the surface of the now colourless 
cell (fig. 483). The result of this* experiment led Kviieke 
to distinguish the coloured contents of the cell (zooid) 
from its colourless stroma ( droid ). When applied to the 
non-nucleatcd mammalian corpuscle its effect merely re¬ 
sembles that of other dilute acids. 

Heat.— The effect of heat up to 50°— 60° C. (120“— 

140° F.) is to cause the formation of a number of bud-like 
processes (tig. 4S4). 

Electricity causes the red blood-corpuscles to become, 
crenated, and at length mulberry-like. Finally they re¬ 
cover their round form and become quite pale. 

The Colourless Corpuscles. —In human blood the white or 
colourless corpuscles or leucocytes are nearly spherical masses of 
•Tabular protoplasm without cell-wall. I11 till 
jases.one or more nuclei exist in each corpuscle. 

The size of the corpuscle varies, lmt averages 
•rsVb of an inch (10 fx) in diameter. 

In health, the proportion of white to red 
corpuscles, which, taking an average, is about 
1 to 500 or 600, varies considerably even in 
the course of the same day. The variations 
appear to depend chiefly on the amount and 
probably also on the kind of food taken ; the 
number o f le ucocytes., .b ein g, very., .considerably 
increased by a meal, and diminished again on 
'fastfhjg:—^Usd^m-'youngjgersons, du rin g preg¬ 
nancy, and after great loss of blood, there is~a 
larger proportion of colourless blood-corpuscles. 

In old age, on the other bund, thei ^prop ortion 
is dunipishied. 

Varieties. —The colourless corpuscles present 
greater diversities of form than the rod ones. 

Two chief varieties are to be seen in human 
blood; one of which contains a consid erab le 
number of ooa^§"'gf£uuilesriind the other, which is paler and 
less granular, contains several nuclei united by hneTFireacTs. 




Fig. 485.--A. Three 
coloured blood - 
corpuscles. B. 
Three colourless 
blood -.corpuscles 
noted on by acetic 
acid; .the nuclei 
are very clearly 
visible, x 900. 
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According to their reactions to acid and neutral aniline^dyes, they 
are called' eosinophils (ebsm being an acid stain) and tie utrophil e 
cells respectively ; the latter are the more numerous. "“DTlsthe 
coarsely granular cells which are eosinophile. In size the varia¬ 
tions are great, for in most specimens of blood it is possible to 
make out, in addition to the full-sized varieties, a number of 
smaller corpuscles, consisting of a large spherical nucleus sur¬ 
rounded by a variable amount of more or less granular proto¬ 
plasm. These small corpuscles are the undeveloped forms of 
the others, and are derived from the cells of the lymphatic 
glands ; they, are called 3 lymphocyte, p. A fourth variety of leu¬ 
cocyte is the* hu aline corpu scle^ in the protoplasm of which there 
are no granules.They have a single nucleus. Very rarely 
basophile cells (i.e., having an affinity for basic aniline dyes like 
methylene blup) are found. 

AmcBboid Movement. —The remarkable property of the 
colourless corpuscles of spontaneously changing their shape was 
first demonstrated by Wharton Jones in the blood of the skate. 
If a drop of blood is examined with a high power of the micro¬ 
scope, under conditions by which loss of moisture is prevented, 
and at the same time the temperature is maintained by a warm 
stage at about that of the body, 37 0 O. (g 8 'S° F.), the colour¬ 
less corpuscles will be observed slowly to alter their shapes, 
and to send out processes at various parts of their p.imnmfci-- 
ehe'er The amoeboid movement, iwhich can be demonstrated in 
human colourless blood-corpuscles, can be more readily seen in 
newt’s blood. 

The full consideration of amoeboid movement is given on p. 12. 
An interesting variety of amoeboid movement is that which leads 
to the ingestion of foreign particles. This gives to the leucocytes 
their jiower of taking in and digesting bacilli {phagocytosis ). The 
multi-nucleated, finely granular corpuscles are the most vigorous 
phagocytes. The next figure illustrates this; the cells repre¬ 
sented, however, are not leucocytes, but the large amoeboid cells 
found in connective tissues, especially in inflamed parts. (See 
also p. 450). 

The process of emigration of the leucocytes is described on p. 449- 

Action of Reagents on the colourless carjmscles.—Water causes 
the corpuscles to swell and their nuclei to become apparent. 
Acetic acid (1 per cent.) has a similar action; it also causes the 
granules to aggregate round the nucleus (fig. 485). Dilute 
alkalis produce swelling and bursting of the corpuscles. 
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The Blood Platelets. 

Besides the two principal varieties of blood corpuscles, a third 
kind has been described under the name blood-platelets 
ptatchen). These are colourless disc-shapeflT'oSTrreguIar bodies, 
much smaller Than red corpuscles. Different views arc heI3["as 
to their origin. A’t Tirst they were regarded as i mmature re d 
corpuscles; but this view is discarded. They inay’be disintegra- 



Partially digested leucocyte 
Nuclei vacuolated 



. Nucleus 

-Bacillus in leucocyte 
..Partially digested leucocyte 

..Foreign matter 



Particles of foreign matter 
.Particles of foreign matter 
•Particles of foreign matter 


Fig. 486.—Macrophages containing bacilli and other structures supposed to Ije under¬ 
going digestion. (Ruffer.) 


ti \ie-product3.-jo£ - -white - corpu sc l e s; or it may be that they are 
merely a precipitate of nucleo-proteid which occurs when the 
plasma dies or is cooled. 

Enumeration of the Blood-Corpuscles. 

Several methods are employed for counting the blood-corpuscles, most of 
them depending upon the same principle, i.e.. the dilution of a minute 
volume of blood with a given volume of a colourless solution similar in 
specific gravity to blood plasma, so that the size and shape of the cor¬ 
puscles is altered as little as possible. A minute quantity of the well- 
mixed solution is then taken, examined under the microscope, either 
in a flattened capillary tube (Malassez) or in a cell (Hayem & 
Nachet, Gowers) of known capacity, and the number of corpuscles in a 
measured length of the tube, or in a given area of the cell, is counted. 
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The length of the tube and the area of the dell arc ascertained by means of 
a micrometer scale in the microscope ocular ; or in the case of Gowers’ 
modification, by the division of the cell area into squares of known, size. 
Having ascertained the number of corpuscles in the diluted blood, it is 
easy to find out the number in a given volume of normal blood. 

Gowers’ Ilwmacytomrtrr consists of a small pipette (a), which, when 
filled up to a mark on its stem, holds 995 cubic millimetres. It is 
furnished with an india-rubber tube and glass mouth-piece to facilitate 
filling and emptying; a capillary tube (B) marked to hold 5 cubic 
millimetres, and also furnished with an india-rubber tube and mouth¬ 
piece ; a small glass jar (D) in which the dilution of the blood is performed ; 



l-'ig. 487.—Hreumoytometer. (Gowers.) 


a glass stirrer (.1-:) for mixing the blood thoroughly; (f) a needle, the 
length of which can be regulated by a screw; a brass stage plate (C) 
carrying a glass slide, on which is a cell one-fifth of a millimetre deep, and 
the bottom of which is divided into one-tenth millimetre squares. On the 
top of the cell rests the cover-glass, which is kept in its place by the pressure 
of two springs proceeding from the stage plate. A standard saline solution 
of sodium sulphate, or similar salt, of specific gravity 1025, is made, and 
995 cubic millimetres are measured by means of the pipette into the glass 
jar, and with this five cubic millimetres of blood, obtained by pricking 
the finger with a needle, and measured in the capillary pipette (B), are 
thoroughly mixed by the glass stirring-rod. A drop of this diluted blood is 
then placed in the cell and covered with a cover-glass, which is fixed in 
position by means of the two lateral springs. The layer of diluted blood 
between the slide and cover-glass is $ millimetre thick. The preparation is 
then examined under a microscope with a power of about 400 diameters, 
and focussed until the lines dividing the cell into squares are visible. 

After a short delay, the red corpuscles which have sunk to the bottom of 























cir. xn.] DEVELOPMENT OF BLOOD-CORPUSCLES 


583 


the cell, and are.resting on the'squares, are counted in ten squares, and the 
number of white corpuscles noted. By adding together the numbers counted 
in ten (one-tenth millimetre) squares, and, as the blood has been diluted, 
multiplying by ten thousand, the number of corpuscles in one ' Cubic 
millimetre of blood is obtained. The ave rage riumfe^r ,vf oorpqscl«?s per 
cubic millimetre of healthy blood, according, tO. oEraudt .aiid.- Welckex,is 


Fig. 488. 



S,0 00,000 in aclult men, arid 4,500,000 in women ; this corresponds to an 
average of 50 and 45 coipusclesirespeetively per square of Gowers’ instru¬ 
ment.’ 

A lnemacytometcr of another form, and one that is much used at the 
present time, is known as the Thoma-Zeiss hiemacytoineter. It consists of a' 
carefully graduated pipette, in which the dilution of the 
blood is done ; this is so formed that the capillary stem 
has a capacity equalling one-hundredth of the ball above 
it. Jf the blood is drawn up in the capillary tube to 
the line marked 1 (fig. 489) the saline solution may 
afterwards be drawn up the stem to the line 101 ; in 
this way we have 101 parts, of which the blood forms 1. 

As the contents of the stem can be displaced uumixed 
we shall have in the mixture the proper dilution. The 
blood and the saline solution are well mixed by shaking 
the pipette, in the ball of which is contained a small 
glass bead for the purpose of aiding the mixing. The 
other part of the instrument consists of a glass slide 
(fig. 488) upon which is mounted a covered disc, m ,| 
accurately ruled so as to present one square millimetre! 
divided into 400 squares of one-twentieth of a milli-j 
metre each. The micrometer thus made is surrounded 
by another annular cell, c, which has such a height as 
to make the cell project exactly one-tenth millimetre 
beyond m. If a drop of the diluted blood he placed 
upon m, and f> be covered with a perfectly flat cover- 
glass, the volume of the diluted blood above each of the 
squares of the micrometer, i.r., alwve each J-„ will be 
wigs of a cubic millimetre. An average of ten or more 
squares are then taken, and this number multiplied by 
4000 x 100 gives the number of corpuscles in a cubic 
millimetre of undiluted blood. 

Development of the Blood-Corpuscles. 

The first formed blood-corpuscles of the *%h._ 488 and 489.— 
human embryo diner much in their general Hemacytometer, 
characters from those which belong to the later 
periods of intra-uteidne, and,to all periods of extra-uterine life. 
Their manner of origin is at first very simple. 

Surrounding the early embryo is a circular area, called the 
vascular area, in which the first rudiments of t he bloo d-vessels and 
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blood-corpuscle s are developed. Here the nucleated e m b ryo nic 
eeils 7 >F”the nt gsobl ast, f rom which the bloo d-vessels and co r pnacl es 
are to b e f ormed, send out processes in various directions, and 
these, Joining together, form an irregular meshwork. The nuclei 
increase in number, and collect chiefly in the larger masses of 
protoplasm, but partly also in the processes. These nuclei gather 
around them a certain amount of the protoplasm, and, becoming 
coloured, form the red blood corpuscles. The protoplasm of the 
cells and their branched network in which these corpuscles lie 
then become hollowed out into a system of canals enclosing fluid, 
in which the red nucleated corpuscles float. The corpuscles at 



Fig. 490.—Part of the netwoik of develop - !]? blood-visso’s in the vascular area of a 
guinea-pi?. M, blood-corpuscle* becoming free in an enlarged and hollowed-out part 
of the network; n, procesH of protoplasm. (E. A. Schafer.) 

first arc from about -jsVo - to j b Vtt °f an inch (top to r6p) in 
diameter, mostly spherical, and with granular contents, and a 
< well-marked nucleus. Their nuclei, which arc about v^Vir of an 
inch (5 p) in diameter, arc central and circular. 

The corpuscles then strongly resemble the colourless corpuscles 
of the fully.developed blood, but are coloured. They are capable 
of amoeboid movement and multiply by division. 

When, in the progress of embryonic development, the liver? 
begins to be formed, the multiplication of blood-cells in tlie whole 
mass of blood ceases, and new bloOd-cclls arc produced by this 
organ, and also by the lymphatic glands, thymus and spleen. 1 
These are at. first colourless and nucleated, but afterwards. jhopiire 
the ordinary blood-tinge, and resemble very much those of the 
first set. They also multiply by division. I11 whichever way 
produced, however, whether from the original formative ..cells of 
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the embryo, or by the fiver and the other organs mentioned 
above, these coloured nucleated cells begin very early in foetal life 
to be mingled with coloured non-nucleated corpuscles resembling, 
those of the adult, and at about the fourth or fifth month of 
embryonic existence are completely replaced by them. 

Origin of the Matured Coloured Corpuscles. —The non- 
y.hucleatcd red corpuscles may possibly be derived from the nucle- 
' ated, biit in all probability are an entirely new formation. Their 
chief origin is :— 

From the medulla of bone .—It has been shown that coloured 
corpuscles are to a very lafge extent derived during adult life 
from the l arge p ale cells in the red marrow of bpiies, especially of 
the ribs (fig. 493). These cells become coloured from the forma- 



Fig. 401.—Development of red corpuscles in rannective tissue cells. From the subcutaneous 
tissue of a new-bom rat. h , a cell containing 1 Hemoglobin in a diffused form in the 
protoplasm; A', one containing coloured globules of varying size and vacuoles; ft", a 
cell filled with coloured globules of nearly uniform size; developing fat cells. 
( 15 . A. Schafer.) 


tion of haemoglobin - chiefly in one part of their pxotuplaam. This 
coloured part becumes .separated, from the rest of the cell and 
Torms a red corpuscle, being at first cup-shaped, but soon taking 
on the normal appearance of the mature corpuscle. It is supposed: 
that the protoplasm may grow again and form a number of| 
red corpuscles in a similar wav. 

From, the tissue of the spleen .—It is probable that coloured as 
well as colourless corpuscles may be produced in the spleen. 

From M icrocyte#. — Hayem describes the small particles 
(Microcytes), previously mentioned as contained in the blood, 
and which he calls hsematoblasts, as the precursors of the red 
corpuscles. Thjey..ucii.uixe colour, and enlarge to the normal size 
of red coipjiscles. 

Tjie belief that the red corpu scles are^derived from the white 

*'hj(;fr fr.nr.nrly prnyflilprl Ima Lean diaf-ftfdftd 

During foetal life and possibly in some animals, e.y. the rat, 
which arc born in an immature condition, for some little time 
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after birth, the blood discs have been stated by Schafer J.n arise 
thg thmm veils in tlie foll o wing way . Small 

globules, of. varying size, of colouring matter arise in the proto¬ 
plasm of the cells, and the 
cells themselves become 
branched, their branches 
joining the branches of 
similar cells. The cells 
next become vacuolated, 
and the red globules are 
free in a cavity filled with 
fluid (fig. 492) ; by the 
extension of the cavity of 
the cells into their pro¬ 
cesses anastomosing vessels 
are produced, which ulti¬ 
mately join with the pre¬ 
viously existing vessels, and 
the globules, now having 
the size and appearance of 
the ordinary red corpuscles, 
are passed into the general 
circulation. This method 
of formation is called in¬ 
tracellular. Without doubt, 
the red corpuscles have, 
like all other parts of the 
organism, a tolerably defi¬ 
nite term of existence, and 
in a like manner die and 
waste away when the portion of work allotted to them has been 
performed. Neither the length of their life, however, nor the 



1 


Fig. .492,—Further development of blood-cor¬ 
puscles in connective tissue cells und trans¬ 
formation of the latter into capillary blood¬ 
vessels. a, an elongated cell with a cavity in 
theprotoplasm occupied by fluid and by blood- 
corpuscles which are still globular; h, a hol¬ 
low cell, the nucleus of which has multiplied. 
The new nuclei ore arranged around the 
wall of the cavity, the corpuscles in which 
have now become discoid; e, shows the mode 
of union of a “ hiemapoietic ” cell, which, 
in this instance, contains only one corpuscle, 
with the prolongation (W) of a previously 
existing vessel; « and r, from the new-born 
rat ; b, from the foetal sheep. (E. A. Schafer.) 
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Fig. 493.—Coloured nucleated corpuscles, from the red marrow of the guinea-pig. 

(E. A. Schafer.) 

fashion of their decay lias been yet clearly made out. It is gene¬ 
rally believed that a certain number of the coloured corpuscles 
undergo disintegration in the spleen; and indeed corpuscles in 
various degrees of degeneration have been observed in that 
organ. 
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^Origin of the White Corpuscles. —The hyaline corpuscles 
jfre derived from the l ymp hocytes which are formed in the lymph¬ 
atic glands, and enter the blood-stream by the thoracic duct. 

The finely granular leu cocy tes which are the most numerous 
white corpu8cles in~tli6'T)Tood originate either i n t he same way, or 
by cell dmsiaujn the blood-stmun.itself. *" 

The eosinophile corpuscles, which form about 5 per cent, of the 
total leucocytes in normal blood, are found in larger numbers in 
the connective tissue in various parts of the body; they are found 
in special abundance in red marrow, in which at one time they 
were supposed to originate. ’ But they do not seem to be exclu¬ 
sively formed hero. Some look upon each eosinophile corpuscle 
as a little unicellular gland, and the mass of corpuscles as a 
migratory glandular tissue. 


Chemistry of the Blood-Corpuscles. 

The white blood corpuscles. —Our chemical knowledge of 
the white corpuscles is small. Their nucleus consists of nuclein, 
their cell-protoplasm yields proteids belonging to the"globulin and 
nucleo-proteid group s. The nucleo-proteid obtained from them is 
probably the same thing as fibrin-ferment, or it may • be the 
zymogen of that ferment, the addition of a calcium salt converting 
it into the ferment. The protoplasm of these cells often contains 
small quailtitjes^Qf. fat and glycogen. 

The red blood corpuscles. —1000 parts of red corpuscles 
contain :— 


Water . 

Solids /^ ui c. 
(Inorgaiui 


688 parts. 
303‘88 
812 ,, 


One hundred parts of the dry organic matter contain— 

^ Proteid.5 to 12 parts. 

Haemoglobin . . . . 86 to 94 

Lecithin. 18 ., 

Cholesterin ....... O'l ., 

The proteid present is identical with the nucleo-proteid of white 
corpuscles. The mi neral matter consists chiefly of chlorides of 
potassium and sodium, and phosphates of calcium and magnesium. 
In man potassium chloride is more abundant than sodium 
chloride; this, however, does aot hold good for all animals. 

Oxygen is contained in combination with the haemoglobin to 
form oxyhsemoglobin. The corpuscles also contain a certain 
amount of carbonic acid. 
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Haemoglobin and Oxyhaemoglobin. —The' pigment is by far 
the most abundant and important of the constituents of the red 
corpuscles. It is a s u bs tance which gives the reactions of a 
proteid, but differs from other proteids in containing the element 
iron, and in being crystallisable. 

Haemoglobin and oxyhaemoglobin are both crystallisable; like other 
proteids they have enormously largo molecules, and so are indiffusible. 
Though crystalline t hey are therefore not crystalloid in Graham’s sense of 
that term (see p. 558). Blood pigment is, however, not the only crystallisable 
proteid. Long ago crystals of proteid (globulin or vitellin) were observed in 
the aleurone grains of many seeds, and in the similar proteid occurring in the 
of some iishes and amphibians. By appropriate met hods these have 
been separated and recrystallised. The crystals do not appear to be pure 
proteid, but compounds with some inorganic substance like lime or magnesia. 
Further, egg-albumin itself has been crystallised. If a solution of white of 
egg is diluted with half its volume of saturated solution of ammonium 
sulphate, the globulin present is precipitated, and is removed by filtration. 
The filtrate is now allowed to remain some days at the temperature of the 
air, and as it becomes more concentrated from evaporation, minute spheroidal 
globules of varying size, and finally minute needles, either aggregated or 
separate, make their appearance. These are composed of a compound of 
egg-albumin with ammonium sulphate. 

It exists in the blood in two co ndit ions : in arterial blood it is 
comblTied loosely with oxygen, is of a bright red colour, and is 
called oxyhemoglobin ; the other condition is the deoxygenated 
or reduced haemoglobin (better called simply haemoglobin). This 
is found in the blood after asphyxia. It also occurs in all venous 
blood—that is, blood which is returning to the heart after it has 
supplied the tissues with oxygen. Venous blood, however, always 
contains a considerable quantity of oxyhtemoglobin also. Ha emo¬ 
globin .is the oxygen-carrier of the body, and it may be ca lled a 
respiratory pigment.* 

“•Crysitals of oxyhemoglobin may be obtained with readiness 
from the blood of such animals as the rat, guinea-pig, or dog; 
with difficulty from other animals such as man, ape, and most 
of the common mammals. The following methods are the 
best:— 

1. Mix a drop of defibrinated blood of the rat on a slide with a 
drop of water 5 put on a cover glass ; in a few minutes the corpuscles 
are rendered colourless, and then the oxyhemoglobin crystallises 
out from the solution so formed. 

2. Microscopical specimens may also be made by Stein’s 

. * I11 the blood of invertebrate animals haemoglobin is sometimes found, 
but usually in the plasma, not in special corpuscles. Sometimes it is replaced 
by other respiratory pigments, such as the green one, chlorocvuorin, found in 
certain worms, and the blue one, haemocyanin, found in many molluscs and 
Crustacea. Chlorocruorin contains iron ; haemocyanin contains copper. 
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Fig. 494.—Crystals of oxyhsemoglobin - prismatic, 
from human blood. 


method, which consists in-using Canada balsam instead of water 
in the foregoing experiment. 

3. On a larger scale, crystals may be obtained by mixing the 
blood with one-sixteenth 
of its volume of ether ; 
the corpuscles dissolve 
and the blood assumes 
a laky appearance. After 
a period varying from a 
few r minutes to (lays, 
abundant crystals are 
deposited. 

In nearly all animals 
the crystals are rhombic 
prisms (fig. 494); but 
in the guinea-pig they 
are rhombic tetrahedia, 
or four-sided pyramids 
(fig. 495) ; in the squirrel 
and hamster hexagonal 
plates (fig. 496). 

The crystals contain 
a varying amount of 
water of crystallization ; 
this probably explains 
their different crystalline 
form and solubilities. 

Different observers 
have analysed haemo¬ 
globin. They find car¬ 
bon, hydrogen, nitrogen, 
oxygen, sulphur and 
iron. The percentage 
of iron is o'4- The 
amounts of'* the other 
elements are variously 
given, but roughly they 
are the same as in the 
proteids. 

Heematin. —On adding an acid or alkali to haemoglobin, it is 
broken up into two parts—a, brown .^^en^called 
which contains _all the iron of the original substance, and a 
proteid of the globulin class called globin. Hsematin is not 
ctysKmiable, it has the formula CgyH^NgFjOjg. Hsematin shows 


Fig. 495.—Oxyhemoglobin crystal* — tetrahedral, 
from blootfof the guinea-pig. 



THE BLOOD. 


590 


[OH. XLX». 


different spectrpscopic appearances in acid and alkaline solutions 
(see accompanying plate of spectra). 

Heemochromogen is sometimes called reduced hiematin; it 
may be formed by adding a reducing agerittrUkST'ammonium 

sulphide to an alkaline 
solution of hiematin. 
Its absorption spectrum 
shown on the accom¬ 
panying plate (No. 9), 
forms the best spectro¬ 
scopic test for blood pig¬ 
ment ; the suspected 
pigment is dissolved in 
potash and ammonium 
sulphide added. Very 
dilute specimens show 
the absorption bands, 
especially the one mid¬ 
way between D and K. 

Heemin is of great 
importance, as the ob- 
taining of this substance 
forms the best chemical test for blood. Heemin crystals, some¬ 
times called after their discoverer Teichmann’s crystals, are 
composed of hydrochloride of I nem atin. They may be prepared 
for microscopical examination by boiling a fragment of dried 

blood with a drop of glacial 
acetic acid on a slide ; on 
cooling triclinic plates and 
prisms of a dark brown co¬ 
lour, often in star-shaped 
clusters and with rounded 
angles (fig. 497), separate 
out. 

In the case of an old blood 
stain it is necessary to add a 
crystal of sodium chloride in 
Fresh blood contains sufficient sodium, chloride in 


Fig. 496.—Hexagonal oxyhemoglobin crystals, from 
blood of squirrel. (After Funke.) 



Fig. 497.—Htoinin crystals. (Frey.) 


addition, 
itself. 

The action of the acetic acid is, (1) to split the haemoglobin 
into haematin and globin; and ( 2) to evolve hydrochloric acid 
from, the sodium, chloride. The hiematin unites with the hydro¬ 
chloric acid and thus heemin is formed. 

Hsematoporphyrin is iron-free Inematin ; it may be prepared 



BLOOD-SPECTRA COMPARED WITH SPECTRUM OF ARGAND-LAMP 



1 Spectrum r.f Argand-iamp with Trauxihofers line's ir. position 

2 Spectrum of Oxyheemoglobm m diluted Wood. 

3 Spectrum of Reduced ffamoglobm. 

+ Spectrum of Carbonic oxide Haemoglobin. 

5 Spectrum of Acid Haematm m etlierial solution 
t> Spectrum of Alkaline Haematin 

7 Spectrum of Chlorcform extract of acidulated Ox-brie. 

8 Spectrum of Mettiaemo^obiii. 

6 Spectrum of Haemochromogen. 

10 Spectrum of Haematoporphyrin 

Most of lie above Spectra have been drawn from observations hj .V’ WLeproik F.C.S. 

TSamelsKoiv a Ccmp."LciffiJin. Tith 
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by mixing fylood with strong sulphuric acid ; the iron is taken 
out as ferroifs- sulphate. This substance is also found sometimes 
in nature ; it occurs in certain invertebrate pigments, and may 
also be found in certain forms of pathological urine. Even 
normal . urine con tains traces of it. — It presents different spectro¬ 
scopic appearances "according is it is dissolved in acid, neutral or 
alkaline media. The absorption spectrum figured (No. 10) is 
that of acid haimatoporphyrin. 

Hsematoidin.—This substance is found in the form of 
yellowish crystals (fig. 498) in old blood extravasations, and is 
derived from the haemoglobin. 

Its crystalline form and the re¬ 
action it gives with fuming nitric 
acid shows it to be closely allied 
to Bilirubin, the chief colouring 
matter of the Bile, and on ana¬ 
lysis it is found to be identical 
with it. 

Like hrematoporphyrin, liicina- 
toidin is. 4 r.ee from iretf. Those 
two substances “are not identical 

(e.y., hsematoidin shows no spectroscopic bands), they are pro¬ 
bably isomeric. 



Fig’. 498. —H wmatoidin crystals. 
, (Frey.) 


Compounds of Haemoglobin. 


Haemoglobin forms at least four compounds with gases:— 


With oxygen , 

With carbonic oxide. 
With nitric oxide . 


f 1. Oxylnemoglobin. 

' \ 2. Metliiemoglobiii. 

. 3. Carbonic oxide haemoglobin. 
. 4. Nitric oxide haemoglobin. 


These compounds have similar crystalline forms; they each 
probably consist of a molecule of haemoglobin combined with one 
of the gas in question. They part, with the combined gas 
somewhat readily ; they arc arranged in order of stability in the 
above list, the least stable first. 

Oxyhsemoglobin is the compound that exists in arterial 
blood. Many of its properties have been already mentioned. 
The oxygen linked to the haemoglobin, which is removed by theV 
tissues through which the blood circulates, may be called the* 
respiratory oxygen of haemoglobin. The processes that occur in] 
the lungs and tissues, resulting in. the oxygenation and de-oxy-l 
genation respectively of the haemoglobin, may be imitated outside 
the body using either blood or pure solutions of haemoglobin. 
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The respiratory oxygen can be removed, for example, in the 
Torricellian vacuum of a mercurial ’ air-pump, or by passing a 
neutral gas like hydrogen through the blood, or by the use of 
reducing agents like ammonium sulphide or Stokes’ reagent.* 
The older observers estimated that i gramme of hsemoglobin will 
combine with 1*6 c.c. of oxygen, f 

If any of ihese methods for reducing oxyhsemoglobin is used, 
the bright red (arterial) colour of oxyhsemoglobin changes to the 
purplish (venous) tint of hsemoglobin. On once more allowing 
oxygen to come into contact with the haemoglobin, as by shaking 
the solution with the air, the bright arterial colour returns. 

These colour-changes may be mure accurately studied with the 
spectroscope, and the constant position of the absorption bands 
seen constitutes an important test for blood pigment. It will be 
first necessary to describe briefly the instrument used. 

The Spectroscope. —When a ray of white light is passed 
through a prism, it is refracted or bent at each surface of the 
prism; the whole ray is, however, not equally bent, but it is split 
into its constituent colours, which may be allow r ed to fall on a 
screen. The band of colours beginning with the red, passing 
through orange, yellow', green, blue, and ending with violet, is 
called a spectrum : this is seen in nature in the rainbow. It may 
be obtained artificially by the glass prism or prisms of a spectro¬ 
scope. 

The spectrum of sunlight is interrupted by numerous dark lines 
crossing it vertically called Fraueuhofer’s lines. These are per¬ 
fectly constant in position and serve as landmarks in the spectrum. 
The more prominent are A, B, and C, in the red; D, in the 
yellow; E, b, and F, in the green; G and H, in the violet. 
These lines are due to certain volatile substances in the solar 
atmosphere. If the light from burning sodium or its compounds 
be examined spectroscopically, it will be found to give a bright 
yellow line, or, rather, two bright yellow lines very close together. 
Potassium gives two bright red lines and one violet line; and the 
other elements, when inpandescent, give characteristic lines, but 
none so simple as sodium. If now the flame of a lamp be 
examined, it will be found to give a continuous spectrum like 
that of sunlight in the arrangement of its colours, but unlike it 
in the absence of dark lines ; blit if the light from the. lamp be 


* Stokes’ reagent must always be freshly prepared ; it is a solution of 
ferrous sulphate to which a little tartaric acid has been, added, and then 
ammonia till the reaction is alkaline. 

f Bohr has recently stated that oxyhiemoglobin is a mixture of several 
compounds of haemoglobin with different amounts of oxygen in each. 
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made to pass through sqdium vapour before it reaches the 
spectroscope, the bright yellow light will be found absent, and in 
its place a dark line, or, rather, two dark lines very close together, 
occupying the same position as the two bright lines of the 
sodium spectrum. The sodium vapour thus absorbs the same 
rays as those which it itself produces at a higher temperature. 
Thus the D line, as we term it in the solar spectrum, is due to 
the presence of sodium vapour in the solar atmosphere. The 
other dark lines are similarly accounted for by other elements. 

The large form of spectroscope (fig. 499) consists of a tube A, 
called the collimator, with a slit at the end S, and a convex lens 
at the end L. The latter malces the rays of light passing through 



the slit from the spuree of light parallel : they fall on the prism 
P, and then the spectrum so formed is focussed by the telescope T. 

A third tube, not shown in the figure, carries a small trans¬ 
parent scale of wave-lengths, as in accurate observations the 
position of any point in the spectrum is given in the terms of the 
corresponding wave-lengths. 

If we now interpose between the source of light and the slit S 
a piece of coloured glass (H in fig. 499), or a solution of a coloured 
substance contained in a vessel with parallel sides (the heemato- 
scope of Herrmann), the spectrum is found to be no longer 
continuous, but is interrupted by a number of dark shadows, or 
absorption bands corresponding to the light absorbed by the 
coloured medium. Thus a solution of oxyhemoglobin of a certain 
strength gives two bands between the D and E lines; hemoglobin 
gives only one; and other red solutions, though to the naked eye 
similar to oxyhemoglobin, will give characteristic bands in other 
positions. 


Q Q 


K.p. 
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A convenient form of small spectroscope is the direct vision 
spectroscope, in which, by an arrangement of alternating prisms of 
crown and flint glass, the spectrum is observed by the eye in the 
Bame lino as the tube furnished with the slit—indeed slit and 
prisms are both contained in the same tube. 

In the examination of the spectrum of small coloured objects 
a combination of the microscope and direct vision spectroscope, 
called the micro-spectroscope, is used. 

The next figure illustrates a method of representing absorption 
spectra diagranunatically. The solution was examined in a layer 
i centimetre thick. The base line has on it at the proper di»- 



Fig. 500.—Graphic, representations of the amount of absorption of light by solution of (T) 
oxyheemoglobin, (II) of hecmoglobin, of different strengths. The shading indicates the 
amount of absorption of the spectrum; the figures on the right border express 
percentages. (Rollett.) 

tances the chief Frauenhofcr lines, and along the right-hand 
edges “are percentages of the amount of oxyheemoglobin present 
in I of haemoglobin in II. The width of the shadings at each 
level represents the position and amount of absorption corre¬ 
sponding to the percentages. 

The characteristic spectrum of oxyheemoglobin, as it actually 
appears through the spectroscope, is seen in the accompanying 
plate (spectrum 2). There are two distinct absorption bands 
between the D and E lines ; the one nearest to D (the a band) 
being narrower, darker, and with better-defined edges than the 
other (the y8 band). As will be seen on looking at fig. 500, a 
solution of oxyhaemoglobin of concentration greater than 0^65 
per cent, and less than o - 85 per “cent, (examined in a cell of 
the usual thickness of 1 centimetre) gives one thick band over¬ 
lapping both D and E, and a stronger solution only lets the red 



CH.XLI.] COMPOUNDS OF HJEMOGLOBIN. 595 

light through between C • ariS D. A solution which gives the 
two characteristic bands must therefore be a dilute one. The 
one band (y band) of haemoglobin (spectrum 3) is not so well 
defined as the a or (3 bands. On dilution it fades rapidly, so that 
in a solution of such strength that both bands of oxyhaemoglobin 
would be quite distinct the single band of haemoglobin has dis¬ 
appeared from view. The oxyhaemoglobin bands can be dis¬ 
tinguished in a solution which contains only one part of the 
pigment to 10,000 of water, and even in more dilute solutions 
which seem to be colourless the a band is still visible. 

Methaemoglobin. —This i»ay be produced artificially in various 
ways, as by adding potassium ferricyanide or amyl nitrite to blood, 
and as”TT’also ma^ r "oociTr 'm ^certain diseSWt^SSnSMons ItT "The 
urine, it is of considerable practical importance. It can be 
crystallised, and is found to cont ain the same amount of oxygen 
as oxyhae moglobin; " only co mbined "mor^'^rm rv; The oxygen is 
nonremovable" by the air-pump, nor by a stream of neutral gas 
like hydrogen. It can, however, by reducing agents like am¬ 
monium sulphide, be made to yield haemoglobin. Methaemoglobin 
is of a brownish-red colour, and gives a characteristic absorption 
band in the red between the C and D lines (spectrum 8). 

Carbonic oxide haemoglobin may be readily prepared by 
passing a stream of carbonic oxide through blood or through a 
solution of oxyhaemoglobin. It has a peculiar cherry-red colour. 
Its absorption spectrum is very like that of oxyhaemoglobin, but 
the two bands arc slightly nearer the violet end of the spectrum 
(spectrum 4). Reducing agents, like ammonium sulphide, do not 
change it; the gas 'is more firmly combined than the oxygen in 
oxylucmoglobin. CO-haemoglobin forms crystals like those of 
oxyhaemoglobin. It resists putrefaction for a very long tirpe. 

Carbonic oxide is given off during the imperfect combustion of 
carbon such as occurs in charcoal stoves or during the explosions 
that occur in coal mines: it acts as a powerful poison by 
combining with the haemoglobin of the blood, and thus inter¬ 
fering with normal respiratory processes. The bright colour of the 
blood in both arteries and veins and its resistance to reducing- 
agents are in such cases characteristic. > 

Nitric Oxide Haemoglobin. —When ammonia is added to 
blood, and then a stream of nitric oxide passed through it, this 
compound is formed. It may be obtained in crystals isomorphous 
with oxy- and CO-haemoglobin^ It also has a similar spectrum. 
It is even more stable than CO-haemoglobin; it has no practical 
interest, but is only of theoretical importance as completing the 
series. 


q q 2 
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Haemoglobin and its compounds also gtve an absorption band in the ultra¬ 
violet. This can bo shown by using very dilute solutions and photographing 
the spectrum. HbO shows a band between G and H. In Hb, HbCO, and 
HbNO this is rather nearer G. Methsemoglobin and hajmatoporphyrin show 
similar bands (Gamgee). 

Recently O. Bohr has advanced the theory that haemoglobin forms a com¬ 
pound with carbonic acid. He considers that the union is, like oxyhaemo- 
globin, a dissociable one, and that dissociation leading to evolution of the gas 
takes place in the blood-vessels of the pulmonary alveoli. If this is really 
the case, hmmoglobin appears to bo not only an oxygen carrier but a 
carbonic-acid carrier. It, has long been known that the reel corpuscles 
contain carbonic acid, but it has always been supposed that this was not in 
actual combination with the pigment; and Bohr does not consider that the 
gas is united to the hasmoglobiu in the same way as oxygen is. Perhaps it 




Fig. 501.—Heemoglobinometer of Dr. Gowers. 


may be united to the proteid globin rather than to the iron-containing 
constituent. .The subject, however, cannot yet be considered settled. 
CO a -h®moglobin, if it does exist, shows no spectroscopic differences from 
haemoglobin ; and no one disputes that there is, in addition to the carbonic 
acid of the corpuscles, a much larger amount dissolved in the plasma, chiefly 
in the form of carbonates. 

Estimation of Haemoglobin. —The most exact method is by the estima¬ 
tion of the amount of iron, (dry haemoglobin containing '42 per cent, of iron) 
in the ash of a given specimen of blood, but as this is a somewhat complicated 
process, various colorimetric methods have been proposed which, though not 
so exact, have the advantage of simplicity. 

Gowers’s Heamoglobinometer. —The apparatus consists of two glass 
tubes of the same size. One contains glycerine jelly tinted with carmine 
to a standard colour—viz. that of normal blood diluted 100 times with 
distilled water. The finger is pricked and 20 cubic millimetres of blood are 
measured out by the capillary pipette, B. This is blown out into the other 
tube and diluted with distilled water, added drop by drop from the pipette 
stopper of the bottle, A, until the tint of the diluted blood reaches the 
standard colour. This tube is graduated into 100 parts. If the tint of the 
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diluted blood is the same as the standard When the tube is filled up to the 
graduation ioo, the quantity of oxyhemoglobin in the blood is normal. If 
it has to be diluted more largely, the oxyhemoglobin is in excess; if to a 
smaller extent, it is less than normal. If the blood has, for instance, to be 
diluted up to the graduation 50, the amount of hemoglobin is only half what 
it ought to be—50 per cent, of the normal—and so for other percentages. 

Von Fleischl’a Hsemometer.— The apparatus (fig. 502) consists of a 
stand bearing a white reflecting surface (S) and a platform. Under the 
platform is a slot carrying a glass wedge stained red (K) and moved by a 
wheel (It). On the platform is a small cylindrical vessel divided vertically 
into two compartments, a and a’. 

Fill with a pipette the compartment a’ over the wedge with distilled water. 
Fill about a quarter of the other compartment (a) with distilled water. 



Fig. 502.— Fteischl’s Hmmoglobinometer. 

• 

Frick the finger and fill the short capillary pipette provided with the 
instrument with blood. Dissolve this in the water in compartment a and 
fill it up with distilled water. ' 5 

Having arranged the reflector (S) to throw light vertically through both 
compartments, look down through them, and move the wedge of glass by the 
milled head (T) until the colour of the two is identical. Head off the scale 
which is so constructed as to give the percentage of hemoglobin. 

Dr. George Oliver’s Method, consists in examining a specimen of blood 
suitably diluted in a shallow white palette with a number of standard tests 
very carefully prepared by the use of Lovibond’s coloured glasses. These 
standards are much better matches for blood in various degrees of dilution 
than in the other colorimetric methods. The yellow tint of diluted haemo¬ 
globin is very successfully imitated. 

Tests for -Blood.— TheSe may be gathered from preceding 
descriptions. Briefly, they are microscopic, spectroscopic, and 
chemical. The best chemical test is the formation of hmmin 
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crystals. The old test with tincture of guaiacum and hydrogen 
peroxide, the blood causing the red tincture to beoome .green, 
is very untrustworthy, as it is also given by many other organic 
substances. 

In medico-legal cases it is often necessary to ascertain whether 
or not a red fluid or stain upon clothing is or is not blood. In 
any such case it is advisable not to rely upon one test only, but 
to try every means of detection at ond’s disposal. To discover 
whether it is blood or not is by no means a difficult problem, 
but to distinguish human blood from that of the common mam¬ 
mals is practically impossible. 


CHAPTER XLII. 

THE ALIMENTARY CANAL. 

The alimentary canal consists of a long tube beginning at the 
mouth, and terminating at the anus. It comprises the mouth, 
pharynx, oesophagus, stomach, small intestine and large intestine. 
Opening into it are numerous glands which pour juices into it; 
these bring about the digestion of the food as it passes along. 
Some of the glands like the gastric and intestinal glands are 
situated in the lining mucous membrane of the canal; others like 
the salivary glands, liver, and pancreas, are situated at a distance 
from the main canal, and pour their secretion into it by means of 
side tubes or ducts. 

The 'events that take place in the alimentary canal are, (x) 
digestion, that is the conversion of the food into soluble sub¬ 
stances ; and (2) absorption, that is the passage of these soluble 
materials into the blood or lymph in the vessels of the wall of the 
canal. 

Digestion is a series of chemical actio ns produced by the 
digestive juices on the food. We sfiafP therefore have to study 
the composition of the food as a preliminaty to the consideration 
of their digestion. In addition to chemical processes, there are a 
number of mechanical actions such as ma stic ation., deglutition. 
peristalsis, which we shall reserve for a separate chapter. 

’"the present chapter we shall* take the structure of ^the 
alimentary canal, reserving, however, a detailed study of the 
glands until we consider the action of their secretions. 
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The Mouth 

This cavity is lined by a mucous membra ne consisting of a 
corivm of fibrous tissue with numerous patches of lymphoid 
tissuelmT^'especaally In" the posterior regions ; and a n epitheli um 
of the ^stratified... variety closely resembling the epidermis. The 
surf ace laye rs, like those of the epidermis, are made of homy 
scales. Opening into the mouth are a large number of little 
mucous glan ds, and the salivary gl ands pour their secretion into 
t he mouth also . The tongue (p. 291) and teeth (p. 70) have 
been previously studied. 

The Pharynx. 

That portion of the alimentary canal which intervenes between 
the mouth and the oesophagus is termed the Pharynx. It 
is constructed of a series of three mus¬ 
cles with striated fibres ( constrictors ), 

Wftfcfr “Are" coVereiTby a thin fascia ex¬ 
ternally, and are lined internally by a 
strong fascia ^pharyngeal aponeurosis), 
on the inner aspect of which is areolar 
(submucous) tissue and mucous mem¬ 
brane, continuous with that of the mouth, 
and, as regards the part concerned in 
swallowing, is identical with it in general 
structure. The epithelium of this part 
of the pharynx, like* that of the mouth, 
is st ratifi ed. The upper portion of the 
pharynx into which the nares open is 
lined with ciliated epithelium. 

The pharynx is well supplied with mucous glands. 

Between the anterior and posterior arches of the soft palate are 
ituated the Tonsils, one on each side. A tonsil consists of an 
elevation of the mucous membrane presenting 12 to 15 orifices, 
which lead into crypts or recesses, in the walls of which are 
placed nodules of lymphoid tissue (fig. 504). These nodules are 
enveloped in a less dense adenoid tissue which reaches the mucous 
surface. The surface is covered with stratified ppith<4inm and 
the corium may present rudimentary papillee formed of adenoid 
tissue. Thg -tonsil igJjQun ded hepeath by a fibrous capsule (fig. 
504, 4). Into the crypts o$en the ducts of numerous mucous 
glands. 



Fig. 503.—Lingual follicle or 
crypt, a, involution of 
mucous membrane with 
its papilla*; b, lymphoid 
tissue, with several lym¬ 
phoid nodules. (Frey.) 
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The (Esophagus ob Gullet. 

The (Esophagus or Gullet, the narrowest portion of the ali¬ 
mentary canal, is a muscular tube, nine or ten inch es in leng th, 
which extends from the lower end'ftf tlie’^pTIaryiix to'the cardiac 
orifice of the stomach. 

Structure .—The oesophagus is made up of three coats—viz., 
the outer muscular; the middle, submucous; and the inner, 



Kg. 504.—Vertical section through a crypt, of the human tonsil. 1, entrance to the crypt ; 
2 and 3, the framework of adenoid tissue; 4, the enclosing fibrous tissue; a and b, 
lymphoid nodules ; 5 and 6, blood-vessels. (Sttihr.) 

. i ? 

mucous. The muscular coat is covered externally by a varying 
amount or Toose fibrous " tFash e.' Tt is composed of two layers 
of fibres, the outer being arranged^ longitudinally, and the 
inner circularly. At the upper part of the oesopha gus this nna t 
is made up principally of'striated “muscle~'fibres^; they are con¬ 
tinuous w itf rtlfe constrictor muscles 'of the'pKarynx; but lower 
down the unstriated fibres become more and more numerous, and 
towards the end of the tube form the entire coat. The muscular 
coat is connected with the mucous coat by a more or less 
developed layer of areolar tissue, which formPthe submucous coat 
(fig. 505), in which is contained in the lower half or third of 
the tube many mucous glan ds, the ducts of which, passing through 
the mucous mernbrane, open on its surface. Separating this coat 
from the mucous membrane proper is a well-developed layer of 
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longitudinally arranged unstriated muscle, called the muscularis 
mucosa 3. The cori um of mucous membran e is compos ed.-of-fittO' 
connective tissue, which," towards'surface, is elevated into 
'papillse. " ”lt is covered with a stratified epithelium, of which the 



Fig. 505.—Section of the mucous membrane of the oesophagus. 

niost superficial layers are squamous. The epithelium is arranged 
upon a basement membrane. 

In newly-born children the corium exhibits, in many parts, the 
structure of lymphoid tissue (Klein). 

The Stomach. 

In man and those Mammalia which are provided with a single 
stomach, it consists of a dilatation of the alimentary canal 
placed between and continuous with the oesophagus, which enters 
its larger or cardiac end on the one hand, and the small intes¬ 
tine, which commences at its* narrowed end or pylorus, on' the 
other. It varies in shape and size according to its state of 
distension. 
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-The stomach is composed of four coats, called 
-(i) an external or peritoneal, (2) muscular, (3) sub¬ 
mucous, and (4) mucous 
coat; with blood-vessels, 
lymphatics, and nerves 
distributed in and be¬ 
tween them. 

( 1 ) The peritoneal coat 
has the structure of serous 
membranes in general. 
(2) The muscular coat 
consists of three sepa¬ 
rate layers or sets of 
fibres, which, according 
to their several directions, 
are named the longitu¬ 
dinal, circular, and ob¬ 
lique. The'' longitudinal 
set are the most super¬ 
ficial : they are continuous 
with the longitudinal 
fibres of the oesophagus 
and Spread out in a di¬ 
verging man ner over "the 
cardiac .e«3~~and s ides of 
th e sto mach. They ex¬ 
tend aslarasthe pylorus, 
being especially distinct 
at the lesser or upper 
curvature of the stomach, 
along which they pass in 
several strong bands. The 
next set, th 'circular or 
transverse fibres, is most 
abuudant at the middle 
and in the pyloric portion 
of the organ, and form 
the chief part of the thick 
projecting ring of the 
pylorus. They are con¬ 
tinuous with the circular 
layer of the intestine. The deepest set of fibres is Xh^oblique, con¬ 
tinuous with the circular muscular fibres of the oesophagus: they are 
comparatively few in number, and are found only at the cardiac 



Fig-. 506.—From a vertical section through the mu¬ 
cous membrane of the cardiac end of stomach. 
Two glands are shown with a duct common to 
both, a, duct with columnar epithelium be¬ 
coming shorter as the cells are traced down¬ 
ward ; n, neck of gland tubes, with central and 
parietal cells; b, fundus with curved creeal ex¬ 
tremity—the parietal cells are not so numerous 
here. (Klein and Noble Smith.) 
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portion of the stomach; they form a sphincter around the cardiac 
orifice. The musc ular-fibres of the stomach and of the intestinal 
canal are vmstriated, being composed of elongated, spindle-shaped 
fibrfc eellsl 

(3) The submucous coat consists of loose areolar tissue, which 
connects the muscular coat to the mucous niemBrane. It con¬ 
tains blood-vessels and nerves; in the contracted state of the 
stomach, it is thrown into numerous, chiefly longitudinal, folds 
or ragse, which disappear when the organ is ’distended. 

(4) The mucous membrane is composed of a corium of fine 
connective tissue, which approaches closely in structure to adenoid 
tissue ; this tissue supports the tubular gland s of which the 
superficial and chief part of the 
mucous membrane is composed, 
and passing tip between them 
assists in binding them together. 

The glands are separated from 
the rest of the mucous membrane 
by a very fine homogeneous base¬ 
ment membrane. The corium is 
covered with a layer of columnar 
epithelium, which passes down 

into flip months of the o-lnnriw Fig. 5°7-—Transvteiwe section through 

mro me mourns ox trie gianas. lower p ttrt of curd ; ac glands 0 * a cat. 

At the deepest part of the "> parietal cells; b, central cells; 

, 1 1 r. transverse section of capillaries. 

mucous membrane are two thm (Frey.) 
layers (circular and longitudinal) 

of unstripod muscular fibres, called the muscularis mucosae, 
which separate the mucous membrane from the scanty submucous 
tissue. 

When examined with a lens, the internal or free surface of the 
stomach presents a peculiar honeycomb appearance, produced by 
shallow polygonal depressions, the diameter of which varies 
generally from -s-^th to ^-l-^th of an inch (about 125 fi); but near 
the pylorus is as much as r ^th of an inch (250/x). In the 
bottom of these little pits, and to some extent between them, 
minute openings are visible, which are the orifices of the ducts of 
perpendicularly arranged tubular glands (fig. 506), imbedded side 
by side in sets or bundles, on the surface of the mucous 
membrane, and composing nearly the whole structure. 

The glands of the mucous membrane are of two varieties, (a) 
Cardiac, (b) Pyloric. 

(a) Cardiac glands are found throughout the whole of the 
cardiac half and fundus of the stomach. They are arranged in 
groups of four or five, which are separated by a fine connective 
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tissue. Two or three tubes open into one duet, which forms 
about a third of the whole length of the tube and opens on the 
Burfaee. The ducts are lined with columnar epithelium. Of the 
gland tube proper, i.e. the part of the gland below the duct, the 
upper third is the neck and the rest the body. The ngck- is 
narrower than the body, and is .lined with granular polyhedral 

cell s which are continuous with the 
columnar cells of the duct. Between 
these cells and the basement mem¬ 
brane of the tubes, are large oval 
or spherical cells, opaque or granular 
in appearance, with clear ov al nucl ei, 
bulging out the basement membrane; 
these cells are called parietal cells. 
They do not form a continuous 
layer. The bo‘dy, which is broader 
than the neck and terminates in a 
blind extremity or fundus near the 
muscularis mucosae, is lined by cells 
continuous ^ith the crtt«rcnLoells_of 
the neck, but longer, more columnar 
and more* transparent. In this 
part are a few parietal colls of the 
same kind as in the neck (fig. 
506). 

(b) Pyloric Glands .—These glands 
(fig. 508) have much longer ducts 
than the cardiac glands. Into each 
duct two or three tubes open by 
very sHorr*anct “Harrow necks., and 
the body of each tube is branched, 
wavy, and convoluted. The lumen 
is large. The ducts are lined with 
columnar epithelium, and the neck and body with shorter and 
more granular cubical cells, which correspond with the central 
cells of the cardiac glands. As they approach the' duodenum the 
pyloric glands become larger, more convoluted and more deeply 
situated. They are directly continuous with Brunner’s glands 
in the duodenum. 

Lymphatics .—Lymphatic vessels surround the gland tubes to 
a greater or less extent. Towards the fundus of the cardiac 
glands are found masses of lymphbid tissue, which may appear as 
distinct follicles, somewhat like the solitary glands of the small 
intestine. 



tam-j 


Fig. 508 .—Section showing the pyloric 
glands. «, free Hurface ; d, ducts 
of .pyloric glands; n, neck of 
same; m, the gland alveoli ; 
mm, muscularis mucosa*. (Klein 
and Noble Smith.) 
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Blood-vessels .—The blood-vessels of the stomach, which first 
break up in the sub-mucous tissue, send branches upward between 
the closely packed glandular tubes, anastomosing around them by 
means of a fine capillary network, with oblong meshes. Con¬ 
tinuous with this deeper plexus, or prolonged upwards from it, is 
a more superficial network of larger capillaries, which branch 
densely around the orifices of the tubes, and form the framework 


on which are moulded the 
small elevated ridges of mu¬ 
cous membrane bounding the 
minute, polygonal pits before 
referred to. From this super¬ 
ficial network the veins chiefly 
take their origin. Thence pass¬ 
ing down between the tubes, 
with no very free connection 
with the deeper inter-tubular 
capillary plexus, they open 
finally into the venous network 
in the sub-mucous tissue (fig. 
S°9)- 

Nerves .—The nerves of the 
stomach are derived from the 
pneumogastrie and symga,- 
tEetic, and form two plexuses, 
one in the sub-mucous and the 
other between the muscular 
layers. * 

These plexuses are con- f 
tinuous with those which occur 
in the same situations in the 
intestine, and which we shall a 



Fig. 509.—Plan of the blood-vessels of the 
stomach, as they would l>e seen in a 
vertical section, v, arteries, passing up ' 
from the vessels of submucous coat: 
b, capillaries branching between and 
around the tubes; c, superficial plexus 
of capillaries occupying the ridges of 
the mucous membrane ; d, vein formed 
by the union of veins which, having 
collected the blood of the superficial 
capillary plexus, are seen passing down 
between the tubes. (Brinton.J 

;ain refer to there. 


The Intestines. 

The Intestinal Canal is divided into two chief portions, named, 
from their differences in diameter, the small and large intestine 
(fig. 510). These are continuous with each other, and com¬ 
municate by means of an opening guarded by a valve, the ileo- 
ccecal valve, which allows the passage of the products of digestion 
from the small into the large bowel, but not, under ordinary 
circumstances, in the opposite direction. 

The Small Intestine. —The Small Intestine, the average 
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length of which in an adult is about twenty feet, has been 
divided, for convenience of description, into three portions, viz., 
the duodenum , which extends for eight or ten inches beyond the 
pylorus; the jejunum , which forms two-fifths, and the ileum , 
which forms three-fifths of the rest of the canal. 

Structure .—The small intestine, like the stomach, is constructed 



Fig. 510. 


of four coats, viz., the serous, muscular, sub-mucous, and 
mucous. 

(1.) The serous coat is formed by the visceral layer of the 
peritoneum, and has the structure of serous membranes in 
general. 

(2.) The muscular coats consist of an internal circular and an 
external longitudinal layer : the former is usually considerably 
the thicker. Both alike consist of bundles of unstriped muscle 
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supported by connective tissue. They are well provided with 
lymphatic vessels, which form a set distinct from those of the 
mucous membrane. 

Between the two muscular coats is a nerve-plexus (Auerbach’s 



Fig-. 511.—Horizontal section of a small fragment of the mucous membrane, including 
one entire crypt of Lieberkiihn and parts of several others. 



Fig. 512.—Auerbach’s nerve-plexus in small intestine. The plexus consists of jHbrillated 
substance, and is made up of trabecula* of various thicknesses. Ganglion-cells are 
imbedded in the plexus, the whole of which is enclosed in a nucleated sheath. (Klein.) 


plexus) (fig. 512), similar in structure to Meissner’s (in the sub¬ 
mucous tissue), but coarser and with more numerous ganglia. 

(3.) Between the mucous and muscular coats is the submucous 
coat, which consists of connective tissue, in which numerous blood- 
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vessels and lymphatics ramify. A fiije plexus, consisting mainly 
of non-medullated nerve-fibres, Meissner's p lexus , with ganglion 
cells at its nodes, occurs in the submucous tissue from the stomach 
to the anus. 

(4.) The mucous membrane is the most important coat in 
relation to the function of digestion. The following structures, 
which enter into its composition, may now be successively 
described :—the valvulat conniventes ; the villi; and the glands . 
The general structure oF* the mucous membrane of the intestines 

resembles that of the stomach, and, 
like it, is lined on its inner surface by 
columnar epithelium. Adenoid tissue 
(fig. 511) enters largely into its construc¬ 
tion ; and on its deep surface is the mus¬ 
cular is mucosce (m m, tig. 517), the fibres 
of which are arranged in two layers : the 
outer longitudinal and the inner circular. 

Valvnlm Conniventes. — The valvulso 
conniventes (fig. 513) commence in the 
duodenum, about one or two inches 
beyond the pylorus, and becoming larger 
and more numerous immediately beyond 
the entrance of the bile duct, continue 
thickly arranged and well developed 
throughout the jejunum ; then, gradually 
diminishing in size and number, they 
cease near the middle of the ileum. 
They are formed by a doubling inwards 
of the mucous membrane ; the cres¬ 
centic, nearly circular, folds thus formed 
are arranged transversely to the axis of the intestine, but each 
individual fold seldom extends around more than J or -f of 
the bowel’s circumference. Unlike the ruga) in the oesophagus 
and stomach, they do not disappear on distension of the canal. 
Their function is to afford a largeljJncreased-«»rfaoe_fo£.secretion 
and absorption. They are covered with villi. 

FtWr^-Tfee-Villi (figs. 514, 515, and 516) are confined exclu¬ 
sively to the mucous membrane of the small intestine. They 
are minute vascular processes, from -jL to | of an inch ("5 to 
3 mm.y m length, covering the surface of the mucous membrane, 
and giving it a peculiar velvety, fleecy appearance. Krause 
estimates them at fifty to ninety in number in a square line at 
the upper part of the small intestine, and at forty to seventy in 
the same area at the lower part. They vary in form even in the 



Fig. 513.—riece of small in¬ 
testine (previously dis¬ 
tended and hardened by 
alcohol) .laid open to show 
the normal position of 
the valvulte conniventes. 
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game animal, and differ according as the lymphatic vessels or 
lacteals which they contain are empty or full; being usually, in 
the former case, flat and pointed at their summits, in the latter 
cylindrical. 

Each villus consists of a small projection of mucous mem¬ 



brane ; its interior consists of 
fine adenoid tissue, which forms 
the frameworET In which the 
other constituents are con¬ 
tained. 

The surface o f the villus is 
clothed by columnar epithelium, 
which rests on a fine basement 
membrane ;. while within this are 
found, reckoning from without 
inwards, blood-vessels, fibres of 



Fig. 514.—Vertical section of duode¬ 
num, showing a, villi j 6, crypts 
of LieberkUhn, and e, Brunner’s 

f lands in the submucosa », with 
ucts, d ; museularismucosse, m ; 
and circular muscular coat/. 

(Schofield.) 


Fig. 515.—Vertical section of a villus, of 
the small intestine of a cat. a, 
striated border of the epithelium ; 
b, columnar epithelium; c, goblet 
cells; d, central lymph-vessel; e, 
smooth muscular fibres; /, adenoid 
stroma of the villus in which lymph 
corpuscles lie. (Klein.) 


the muscularis mucosae, and a single lymphatic or lacteal vessel 
sometimes looped or branched (fig. 516). 

The epithelium is continuous with that lining the other parts 
of the mucous membrane. The cells are arranged with their long 
axis radiating from the surface of the villus (fig. 515), and their 
smaller ends resting on the basement membrane. The free 
surface of the epithelial cells of the villi, like that of the cells 

K.P. 
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which cover the general surface of the mucous membrane, is 
covered by a fine border which exhibits very delicate striatums, 
whence it derives its name, striated border. 

Beneath the basement membrane there is a rich supply of 
blood-vessels. Two or more minute arteries are distributed 
within each villus; and from their capillaries, which form 


Fig. 316.—A. Villus of sheep, B. Villi 0/man. (Slightly altered from Teichnmnn.) 



a dense network, proceed one or two small veins, which pass out 
at the base of the villus. 

The layer of the muscularis mucosce in the villus forms a kind 
of thin hollow cone immediately around the central lacteal, and 
is, therefore, situate beneath the blood-vessels. It is instrume ntal 
in the propulsion of chyle along t he lacteal. 

The lacteal vessel in each villus~l8"-the form of commencement 
of the lymphatic system of vessel^ in the intestines. It begins 
almost at the tip of the villus commonly by a dilated extremity. 
In the larger villi there may be two small lacteal vessels which 
join (fig. 516), or the lacteals may form a network in the villus. 
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6 l<mds .—The glands are bf two kinds :—viz., those of Lieber - 
kiihn and of Peyer’s p atches and the s olitary, follicles 

"are coaiposed^ of ^yinphoid'Tioduios. Though sometimes called 
glands, they form no external secretion. 

The glands or crypts of Lieberkiihn are tubular depressions 
of the intestinal mucous membrane, thickly distributed over 
the whole surface both of the large and small intestines. In 1 
the small intestine they are visible only with the aid of a lens; 
and their orifices appear as minute dots scattered between the 
villi. They are larger in the large intestine, and increase in size 



Fig. 517.—Transverse section through 
four crypts of Lieberkiihn from the 
largo intestine of the pig. They are, 
lined by columnar epithelial cells, the 
nuclei being placed in the outer part 
of the cells. The divisions between 
the cells are seen as lines radiating 
from l, the lumen of the crypt; o, 
epithelial cells, which have become 
transformed into goblet cellB. X 350. 
(Klein and Noble Smith.) 



Fig. 518.—A gland 
of Lieberkiihn in 
longitudinal sec¬ 
tion. (Brinton.) 


the nearer they approach the anal end of the intestinal tube; 
and in the rectum their orifices may be visible to the naked eye. 
In length they vary from to -fa of an inch. Each tnbule 
(fig. 518) is constructed of a fine basement membrane, lined by a 
layer. .of . .eplumnar epithelium, many of the cells of wKcE are 

gobl et cells. ' .-—. . ' ~ 

Brunner's glands (fig. 5x4) are confi ned to the duodenum - they 
are most abundant and thickly set at its commencement, and 
diminish gradually as the duodenum advances. They are situated 
beneath the muscularis mucosas, imbedded in the submucous 
tissue; each gland is a branched and convoluted tnbe 1 lined with 
co lumnar epithe lium. In structure they are~very similar to The 
pyloric glands of the stomach, but they are more branched and 
convoluted and their ducts are longer. The duct of each gland 
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passes through the muscularis mucosae, and opens on the surface 
of the mucous membrane. 

Peyer's patches are found in greatest abundance in the lower 
part of the ileum near to the ileo-caecal valve. They consist of 
aggregat ed groups of lymphoid nodules; they vary from one 
to three inclies - ih length,“ARd~lire”about half-an-inch in ;sadth, 
chiefly of an oval form, their long axis parallel with that of the 
intestine. 

They are almost always placed opposite the attachment of the 
mesentery. When the lymphoid nodules occur singly, as they 



Fig. 519.—Agminate follicles, or Peyer’s patch, in a state of distension, x 5. (Boehm.) 

often do both in small and large intestines, they are called 
solitary glands , or _follicles. 

The XWge ~~Int s Sine.—The Large Intestine, which in an 
adult is from about 4 to 6 feet long, is subdivided for descriptive 
purposes into three portions, viz. :—the caecum , a short wide 
pouch, communicating with the lower end of the small intes¬ 
tine through an opening, guarded by the ileo-caecal valve; the 
colon , continuous with the caecum, which forms the principal part 
of the large intestine, and is divided into ascending, transverse, 
and descending .portions; and the rectum , which, after dilating 
at its lower part, again contracts, and immediately afterwards 
opens externally through the anus. Attached to the caecum is the 
small appendix vermiformis. 

Structure. —Like the small intestine, the large intestine is con¬ 
structed of four coats, viz., the serous, muscular, sub-mucous, 
and mucous. The serous coat has connected with it the small 
processes of peritoneum containing fat, called a ppendices epiploic ce . 
The fibres of the muscular coat, like thos'e of the small 
intestine, are arranged in two layers—the outer longitudinal, 
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the inner circular. In the. esecum and colon, the longitudinal 
fibres, besides being, as in the small intestine, thinly disposed in 
all parts of the wall of the bowel, are collected, for the most pai t, 
into thr ee strong bands, which, being shorter, from end to endj 
than the other coats of the intestine, hold the canal in folds| 
bounding intermediate sacculi. On the division of these bands, the 
intestine can be drawn out to its full length, and it then assumes 
an uniformly cylindrical form. In the rectum, the fascictili 



Fig. 520.—Transverse section of injected Feyer’s pitch (from Kdiliker). The drawing was 
taken from a preparation made by Frey : it represents the line capillary-looped net¬ 
work spreading from the surrounding blood-vessels into the interior of three of the 
lymphoid nodules from the intestine of the rabbit. 


of these longitudinal bands spread out and mingle with the other 
longitudinal fibres, forming with them a thicker layer of fibres than 
exists on any other part of the intestinal canal. The circular mus¬ 
cular fibres are spread over the whole surface of the bowel, but 
are somewhat more marked in the intervals between the sacculi. 
Towards the lower end of the rectum they become more numerous, 
and at the anus they form a strong band called the internal 
sphincter muscle. 

The mucous membrane of the large, like that of the small 
intestine, is lined throughout By columnar epithelium, but, unlike 
it, is quite destitute of villi, and is not projected in the form of 
valvulce conniventes. Its general microscopic structure otherwise 
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resembles that of the small intestine: and it is bounded below 
by the mtucularis mucosae. 

The arrangement of ganglia and nerve-fibres in the large 
intestine resembles that in the small. < 

Glands. —The glands with which the large intestine is provided 
are simple tubular glands, or glands of Lieberkiihn ;.they re¬ 
semble those of the small intestine, but are somewhat larger and 
more numerous, and contain a very great number of goblet cells; 
nodules of adenoid or lymphoid tissue are most numerous in the 
caecum and vermiform appendix. They resemble in shape and 
structure the solitary glands of ^the small intestine. Peyer’s 
patches are, not found in the large intestine. 

IIeo-cascaZ Valve .—The ileo-esocal valve is situate at the place 
of junction of the small with the large intestine, and guards 
againBt any reflux of the contents of the latter into the ileum. 
It is composed of two semilunar folds of mucous membrane. 
Each fold is formed by a doubling inwards of the mucous mem¬ 
brane, and is strengthened on the outside by some of the 
circular muscular fibres-, of the intestine, which are contained 
between the outer surfaces of the two layers of which each 
fold is composed. While the circular muscular fibres, however, 
of the bowel at the junction of the ileum with the csecum are 
contained between the outer opposed surfaces of the folds of 
mucous membrane which form the valve, the longitudinal 
muscular fibres and the peritoneum of the small and large 
intestine respectively are continuous with each other, without 
dipping in to follow the circular fibres and the mucous mem¬ 
brane. In this manner, therefore, the folding inwards of these 
two last-named structures is preserved, while on the other hand, 
by dividing the longitudinal muscular fibres and the peritoneum, 
the valve can be made to disappear, just as the constrictions 
between the sacculi of the large intestine can be made to dis¬ 
appear by performing a similar operation. The inner surface of 
the folds is smooth; the mucous membrane of the ileum being 
continuous with that of the csecum. That surface of each fold 
which looks towards the small intestine is covered with villi, 
while that which looks to the csecum has none. When the 
csecum is distended, the margins of the folds are stretched, and 
thus are brought into firm apposition one with the other. 
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CHAPTER XLIII 

FOOD. 

The chief chemical compounds or proximate principle in food 
are:— 

1. Proteids . 

2. Carbohydrates 

3. Fats ' . 

4. Water. 

5. Salts 

In milk and in eggs, which form the exclusive food-stuffe of 
young animals, all varieties of these proximate principles _are 
present in suitable, proportions. Hence they are spoken of as 
pe rfect foo ds. Eggs, though a perfect food for the developing 
bird, contain too little carbohydrate for a mammal. In most 
vegetable foods carbohydrates are in excess, while in animal 
fo od, lik e m eat, the proteids are predominant. In a suitable 
diet these should be mixed in proper proportions, whioh must 
vary for herbivorous and carnivorous animals. 

A healthy and suitable diet must possess the following cha¬ 
racters :— 

1. It must contain the proper amouut and proportion of the 
various proximate principles. 

2. It must be adapted to the climate j to the age of the 
individual and to the amount of work done by him. 

3. The food must contain not only the necessary amount of 
proximate principles, but these must be present in a digestible 
form. As an instance of this, many vegetables (peas, beans, 
lentils) contain even more proteid than beef or mutton, but aro 
not bo nutritious, as they are less digestible, much passing off 
in the faeces unused. 

The nutritive value of a diet depends chiefly on the amount 
of carbon and nitrogen it contains. A man doing a moderate 
amount of work will eliminate, chiefly from the lungs, in the 
form of carbonic acid, from 250 to 280 grammes of carbon per 
diem. During the same time he will eliminate, chiefly in the 
-form of urea in'the urine, about 15 to 18 grammes of nitrogen. 
These substances'are derived from the metabolism of the tissues, 
and various forms of energy, work and heat being the chief, are 
simultaneously liberated. Daring muscular exercise the output 
of carbon greatly increases; the increased excretion of nitrogen 
is not nearly so marked. Taking, then, the state of moderate 


j- organic. 

]• inorganic. 
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exercise, it is necessary that the waste of the tissues should be re- 
plaoed by fresh material in the form of food; and the proportion 
of carbon to nitrogen should be the same as in the excretions: 
250 to 15, or 16*6 to 1. The proportion of carbon t o nitrog en 
in proteid is, however, 53 to 15, or 3*5 to* 1. The extra supply 
of carbon must come from non-nitrogenous food—viz. fat and 
carbohydrate. 

, Moleschott gives the following daily diet:— 

Proteid.120 grms. 

Fat. . . 90 „ 

Carbohydrate ..... 333 „ 

Ranke’s diet closely resembles Moleschott’s ; it is— 

Proteid.100 grms. 

Fat.100 „ 

Carbohydrate.250 „ 

We shall have to return to the composition of diets again in 

our study of metabolism ; and now we will proceed to consider 
the principal food-stuffs. 


Milk, v- 


Milk, which we have already spoken of as a perfect food, is 
only so for young children. For those who are older, it is so 



voluminous that unpleas¬ 
antly large quantities of it 
would have to be taken in 
the course of the day to 
ensure the proper supply 
of nitrogen and carbon. It 
also contains too little iron 
(Bunge) : hence children 
weaned late become ansemic. 

The. microscope reveals 
that it consists of two 
parts: a clear fluid and a 
number of minute particles 


Fiff. sax.—Globules and molecules of now’s 
milk, x 400. 


that float in it. These 
consist of minute oil glo¬ 


bules, varying in diameter 
from o’ooi5 to 0*005 millimetre (fig. 521). 

The..milk secr eted during the*first few day s Of lactation is 
It contains very little caseinogen, but large 
quantities of globulin instead. Microsoopicafiy, cells from the 
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acini of the mammary gland are seen, which contain fat 
globules in their interior; they are called colostrum corpuscles. 

Reaction and Specific Gravity. — The reaction of fresh 
cow's jni lk and of human milk is generally iieutral - br""sllghtly 
alkaline. In carnivora the milk- is acid. All milk readily turns 
a&icl or sour as the result of fermentative change, part of its 
lactose being transformed into lactic acid. The specifie^ravfty of 
milk is usually ascertained with the hydrometer. That of normal 
cow’s milk varies from 1028 to 1034. When the milk is skimmed 
the specific gravity rises, owing to the removal of the light con¬ 
stituent, the fat, to 1033 to 1037. In all cases the specific. 
gravity of waterl- jrith whicfx other substances are compared, is 
taken as ioaa. 

Composition. — Frankland gives the following table, con¬ 
trasting the milk of women, ass, and cow :— 


— 

| Woman. 

j Ass. 

Cow. 


Per cent. 

Per cent. 

Per cent. 

Proteids (chiefly caseinogen). 

27 

17 

4‘2 

Batter (fat) . . . . 

3‘S 

1-3 

38 

Lactose.; 

50 

1 4-5 

38 

Salts. 

02 

; o-s 

07 


Hence, in feeding children on cow’s milk, it will be necessary to 
dilute it, and add sugar to make it approximately equal to natural 
human milk. 

The Proteids of Milk. —The principal proteid in milk is 
called c aseinogen ; it is precipitable by acids like acetic acid, and 
also like globulins, by saturation with magnesium sulphate, or 
half saturation with ammonium sulphate; it is coagulated by 
rennet to form casein. Cheese consists of casein with the 
entangled fat. The other proteid in milk is an albumin. It 
i& present in small quantities only ; it differs, in some of its 
properties (specific rotation, coagulation temperature, and solu¬ 
bilities) from serum-albumin ; it is called lact-albumin. 

The Coagulation of Milk. —When milk is allowed to stand 
the chief change that it undergoes is a conversion of part of its 
lactose into lactic acid. The acid so formed precipitates a portion 
of the caseinogen. This, however, must not be confounded with 
the formation of casein from caseinogen. Sometimes milk does 
undergo true coagulation. This is produced by certain bacterial 
growths that act like rennet. Rennet, however, is the agent 
usually employed for this purpose: it is a ferment secreted by 
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the stomach, especially by sucking .animals, and is generally 
obtained from the calf. 

The curd consists of the casein and entangled fat: the liquid 
residue called whey contains the sugar, salts, and albumin of the 
milk. There is also a small quantity of a new proteid called 
whey-proteid, which differs from caseinogen by not being con¬ 
vertible into casein. It is produced by the decomposition of the 
caseinogen molecule during the process of curdling. 

The curd formed in human milk is more finely divided than 
that in cow’s milk; and it is more digestible. In feeding 
ohildren and invalids on cow’s milk, the lumpy condition of the 
curd may be obviated by the addition of lime water or barley* 
water to the milk. - -■ 

The addition of rennet produces coagulation in milk, provided 
that a sufficient amount of calcium salts is present. In blood 
also the presence of calcium salts is necessary for coagulation. If 
the calcium salts are precipitated by the addition of potassium 
oxalate, rennet causes no formation of casein. Caseinogen is often 
oomparod to alkali-albumin. The latter, however, does not clot 
with irennet, and is, unlike caseinogen, readily soluble in acids. 
Caseinogen is not a globulin, though it is like globulins precipi¬ 
tated by neutral salts. It differs from a globulin in not being 
ooagulated by heat. It is a nucleo-proteid ; a compound that is 
of a proteid, with the proteid-like but phosphorus rich material 
called nuclein. 

The Fats of Milk. —The chemical composition of the fat of 
milk (butter) is very like that of adipose tissue. It consists 
chiefly of palmitin, stearin , an d ole in. There are, however, smaller 
quantities of fats derived from fatty acids lower in the series, 
especially butyrin and cap roin ,. The relation between these 
varies somewhat, but the proportion is roughly as follows:— 
Olein, ; palmitin, l ; stearin, £; butyrin, caproin, and 
caprylin, T * T . The old statement that each fat globule is but- 
rounded by a film of caseinogen is not now regarded as true by 
most authorities. Milk also contains small quantities of lecithin, 
a phosphorised fat; of cholesterin, an alcohol which resembles fat 
in its solubilities, and a yellow fatty pigment or lipochrome. 

Milk Sugar, or Lactose.—This is a saccharose (C^H^Oa)- 
Its properties have already been described in Chap. XL. 

The formation of lactic acid from lactose by the activity of 
certain fungoid growths gives rise to the souring of stale milk. 
By inverting ferments BBiilk .sugar is ehauged-into dex trose and 
galactose, When yeast or similar fungi are added, as in the prepara- 
tionoTTioumiss, these sugars undergo the alcoholic fermentation. 
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The Salts of Milk.- —The chief salt present is calcium phos- 
phatej a small qua nti ty of ma gnesium phosphate is” also present. 
TK«rother salts are chiefly chlon^es of sbiJium and potassium. 


The Mammary Glands. 

The mammary glands are composed of large divisions or lobes, and these 
are again divisible into lobules,—the lobules being composed of the con¬ 
voluted and dilated subdivisions of the main ducts held together by con¬ 
nective-tissue. Covering the general surface of the gland, with the exception 



Fig. 522.—Dissection of the lower half of the female mamma, during the period of 
lactation, jj.—In the left-hand side of the dissected part the glandular lobe* are 
exposed ana partially unravelled; and on the right-hand side, the glandular substance 
has been removed to show the reticular loculi of the connective-tissue in which 
the glandular lobules are placed : i, upper part of the mamilla or nipple; 2, areola ; 
3, subcutaneous masses of fat; 4, reticular loculi of the connective-tissue which 
support the glandular substance and contain the fatty masses; 5, one of three lacti¬ 
ferous ducts shown passing towards the mamilla where they open; 6, one of the sinus 
laotei or reservoirs; 7, some of the glandular lobules which have been unravelled; 
7', others massed together. (Luschka.) 

of the nipple, is a considerable quantity of fat, itself lobulated by sheaths 
and processes of areolar tissue (fig. 522) connected both with the skin in 
front and the gland behind ; the same bond of connection extends also 
from the under surface of the gland to the sheathing connective-tissue of the 
great pectoral muscle on which it lies. The main ducts of the gland , fifteen 
to twenty in number, called the laAt.ifernvs ducts , are formed by the union 
of the smaller (lobular) ducts, and open by small separate orifices through 
the nipple. At the points of junction of lobular ducts to form lactiferous 
ducts, and just before these enter the base of the nipple, the ducts are 
dilated; aixd, during the period of active secretionhy the gland, the dilatations 
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form reservoirs for the milk, which collects in, and distends them. The Ta mila 


cpithelh 

lined by low columnar epithelium. 

The nipple is composed of areolar tissue, and contains unstriped muscular 
fibres. Blood-vessels are also freely supplied to it, so as to give it an erectile 
structure. On its surface are very sensitive papilife ; and around it is a 
small area or areola of pink or dark-tinted skin, on which are to be seen 
small projections formed by minute secreting glands. 

Blood-vessels, nerves, and lymphatics are plentifully supplied to the 
mammary glands ; the calibre of the blood-vessels, as well as the size of the 
glands, varying very greatly under certain conditions, especially those of 
pregnancy and lactation. 

The alveoli of the glands during the < secreting periods are found to be 
lined with very short columnar cells, with nuclei situated towards the centre 



Fig. 5*3.—Section of mammary gland of bitch, showing acini, lined with epithelial cells of 
a short columnar form. X *oo. (V. D. Harris.) 


The edges of the cells towards the lumen may be irregular and jagged, and 
the remainder of the alveolus is filled up with the materials of the milk. 
During the intervals between the acts of discharge, the cells of the alveoli 
elongate towards the lumen, their nuclei divide, and in the part of the cells 
towards the lumen a collection of oil globules and of other materials takes 
place. 

The next stage is that the cells divide and the part of each towards the 
lumen containing a nucleus and the materials of the secretion, disintegrates 
and goes to form the solid part of the milk. The colls also secrete water, 
salts, and milk sugar. The fat, &e., of milk are not simply picked out from 
the blood by the secreting cells, but these materials are formed by metabolic 
processes within the protoplasm of the cells. 

In the earlier days of lactation, epithelial cells only partially transformed 
are discharged in the secretion : these are termed colostrum corpuscles. It 
is stated that colostrum possesses a purgative action. 

During pregnancy the mammary glands undergo changes (evolution) which 
are readily observable. T]j &y enla rge, be come ha rder, and mpre. .distinctly 
lobulated : the veins on thesumce b e c ome more prominen t.. Thejareola 
becomes enlarged an d"du8 kv.*^frffift'the nipple Tx>o~|fe 
fiSmss-naorc^pr^HUanir'ft'B'd milk ca.n~he pq nepyori fyp™ 
duct *. Tbie- 4 s~a^yery,grndna,l, process.-whi ch commences about the time of 
Concepti on, and progresses steadily during i-frif; whole period of gestation. JT 
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the gland itself solid columns* of cells bud off from the old alyeoli to form 
new alveoli. But these solid columns after a while are converted into tubes 
by the central cells becoming fatty and being discharged as the colostrum 
corpuscles above mentioned. 

After the end of lactation, the mamma gradually returns to its origins 
size ( 'involution ). The acini, in the early stages of involution, are lined with 
cells in all degrees of vacuolation. As involution proceeds the acini diminish 
considerably in size, and at length, instead of a mosaic of lining epithelial 
cells (twenty to thirty in each acinus), we have five or six nuclei (some with 
no surrounding protoplasm) lying in an irregular heap within the acinus. 
During the later stages of involution, large yellow granular cells are to be seen. 
As the acini diminish in size, the connective-tissue and fatty matter between 
them increase, and in some animals, when the gland is completely inactive 
it is found to consist of a thin film of glandular tissue overlying a thick 
cushion of fat. Many of the products of waste are carried off by the 
lymphatics. 


Eggs. 

In this country the eggs of hens and ducks are those particu¬ 
larly selected as food-stuffs. The chief constituent of the shell i s 
calcium carbonate. The white is composed of a richly albu minous 
fluid enclosed in .a network o f- firro «JC.jnore fibrous material. The 
amount of solids is 13*3 per cent.; of this 12*2 is proteid in 
nature (egg-albumin, with small quantities of egg-globulin), and 
the remainder is made up of sugar (o - 5 per cent.), traces of fats, 
lecithin and cliolesteriu, and o*6 per cent, of inorganic salts. 
The yolk is rich in food materials for the development of the 
future embryo. In it there are two varieties of yolk-spherules, 
one kind yellow and opaque (due to admixture with fat and a 
yellow lipochrome), and the other smaller, transparent and 
almost colourless: these are proteid in nature, consisting of 
the nucleo-proteid called vitellin. Small quantities of sugar, 
lecithin, cholesterin and inorganic salts are also present. 

The nutritive value of eggs is high, as they are so Veadily 
digestible; but the more an egg is cooked the more insoluble 
do its proteid constituents become. 


Meat. 

This is composed of the muscular and connective (including 
adipose) tissues of certain animals. The food of some animals 
is not eaten ; in some cases this is a matter of fashion, in 
others, owing to an unpleasant taste, such as the flesh <Jf 
carnivora are said to have; and in other cases ( e.g . the horae) 
because it is more lucrative to use the animal as a beast of 
burden. 

Meat is the most concentrated and most easily assimilable of nitro- 
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genous foods. It is our chief source'of nitrogen ; its principal 
proteid. is. jqayosin. In addition to the extractives and salts Con¬ 
tained in muscle, there is always a certain percentage of fat, even 
though all visible adipose tissue is dissected off. The fat-cells 
are placed between the muscular fibres, and the amount of fat so 
situated varies in different animals; it is particularly abundant 
in pork; hence the indigestibility of this form of flesh: the fat 
preventing the gastric juice from obtaining ready access to the 
muscular fibres. 

The following table gives the chief substances in some of the 
principal meats used as food:— f . 


Constituents. 

Ox. 

Calf. 


Horse. 

Fowl. 

Pike. 

Water .... 

767 

75'6 

726 

74'3 

70-8 

79‘3 

Solids . . . . 

233 

244 

274 

257 

29-2 

207 

Proteids and gelatin* . 

20*0 

194 

199 

216 

227 

iS -3 

Fat. 

IS 

Jt ‘9 

6*2 

2'5 

41 

07 

Carbohydrate 

0*6 

0*8. 

0*6 

o*6 

i "3 

09 

Salts . . . . 

1*2 

13 

ri 

10 

IT 

08 


Flour. 

The best wheat flour is made from the interior of wheat grains, 
and contains the greater proportion of the starch of the grain and 
most of the proteid. Whole flour is made from the whole grain 
minus the husk, and thus contains not only the white interior but 
also the harder and browner outer portion of the grain. This 
outer region contains a somewhat larger proportion of the proteids 
of the grain. Whole flour contains i to 2 per cent, more proteid 
than the best white flour, but it has the disadvantage of being 
less readily digested. Brown flour contains a certain amount of 
bran in addition : it is still less digestible, but is useful as a 
mild laxative, the insoluble cellulose mechanically irritating the 
intestinal canal as it passes along. 

The bes t JIqbk. contains very little Buga r. The presence of 
sugar indicates that germination has commenced in the grains. 
In the manufacture of malt from barley this is purposely allowed 
to go on. 

* The flesh of young animals is richer in gelatin than that of old : thus, 
load parts of beef yield 6, of veal 50, parts of gelatin. 
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When rpixed with water,’wheat flour forms a sticky, adhesive 
mass called dough. . Thisia, dueio _the formation^oijJjt^n, and 
the forms of grain poor in gluten canndt"he' made into dough 
(oats, rice, &c.). Gluten does not exist in the flour as such, but 
is formed on the addition of water from the pre-existing globulins 
in the flour. 

The following table contrasts the composition of some of the 
more important vegetable foods :— 


Constituents. 

Wheat. 

Barley. 

• 

Oats. 

Rico. 

T. on tils. 

Teas. 

Potatoes. 

Water . . 

13-6 

13-8 

I 2'4 

13*1 

125 

148 

1 

i 76-0 

Proteid . . . . 

12*4 

xri 

IO’4 

7'9 

24-8 

237 

; 2-0 

Fat .... 

i '4 

22 

5'2 

09 

i '9 

x-6 

: o’2 

Starch . . . . 

679 

649 

578 

765 

54-8 

493 

20-6 

Cellulose . 

25 

5'3 

11*2 

o*6 

36 

7‘5 

07 

Mineral salts . . . 

1’8 

27 

3-0 

1*0 

24 

31 

! 1*0 


We see from this table— 

x. The great quantity of starch always present. 

2. The small quantity of fat; that bread is generally eaten 
with butter is a popular recognition of this fact. 

3. Proteid, except in potatoes, is pretty abundant, and espe¬ 
cially so in the pulses (lentils, peas, &c.). The proteid in the 
pulses is not gluten, but consists of vitellin and other globulin¬ 
like substances. 

In the mineral matters in vegetables, salts of potassium and 
magnesium are, as a rule, more abundant than those of sodium 
and calcium. 


Bread. 

Bread is made by cooking the dough of wheat flour mixed 
with yeast, salt, and flavouring materials. A ferment in the flour 
acts at the commencement of the baking, when the temperature 
of the oven is little over that of the body, a nd forms dextrin an d 
sugar from the starch, and then the alcoholIcTermentation, due to 
the action of the yeast, begins. The bubbles of carbonic acid, 
burrowing passages through the bread, make it light and spongy. 
This enables the digestive juices subsequently to soak into it 
readily and affect all parts of it. In the later stages of baking, 
the gas and alcohol are expelled from the bread, the yeast is 
killed, and a crust forms from the drying of the outer portions of 
the dough. 
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White bread contains, in 100 part's, 7 to 10 of proteid, 55 of 
carbohydrates, one of fat, 2 of salts, and the rest water. 


Cooking of Food. 

The cooking of foods is a development of civilisation and serves 
many useful ends 

1. It destroys all parasites and danger of infection. This 
relates not only to bacterial growths, but also to larger parasites, 
such as tapeworms and trichinae. * 

2. In the case of vegetable foods it breaks up the starch 
grains, bursting the cellulose and allowing the digestive juices to 
come into contact with the granulose. 

3. In the case of animal foods it converts the i nsoluble collag en, 
of the univei'sally distributed connective tissues into~tEe soluble 
gelatin. The loosening of the fibres is assisted by the formation 
of steam between them. By thus loosening the binding material, 
the more important elements of the food, such as muscular fibres, 
are rendered accessible to the gastric and other juices. Meat 
before it is cooked is generally kept a certain length of time to 
allow rigor mortis to pass off. 

Of the two chief methods of cooking, roasting and boiling, the 
former is the more economical, as by its means the meat is first 
surrounded with a coat of coagulated proteid on its exterior, 
which keeps in the juices to a great extent, letting little else 
escape but the dripping (fat). Whereas in boiling, unless both 
bouillon and bouilli arc used, there is considerable waste. Cooking, 
especially boiling, renders the proteids more insoluble than they 
are in the raw state; but this is counterbalanced by the other 
advantages that cooking possesses. 

In making heef tea and similar extracts of meat it is necessary 
that the meat should be placed in cold water, and this is gradually 
and carefully warmed. In cooking a joint it is usual to put the 
meat into boiling water at once, so .that the outer part is coagu¬ 
lated, and the loss of material minimised. 

An extremely important point in this connection is that 
beef tea and similar meat extracts should not be regarded 
as foods. They are valuable as pleasant stimulating drinks 
for invalids, but they contain very little of the nutritive, 
material of the meat, thoir chief constituents, next to water, 
being the salts and extractives (creatine, creatinine, lactic acid, 
«fcc.) of flesh. 

Soup contains the extractives of meat, a small proportion of 
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the proteids, and the principal part of the gelatin. The gelatin 
is usually increased by adding bones and fibrous tissue to the 
stock. It is the presence of this substance which causes the soup 
when cold to gelatinise. 


Accessories to Food. 

Among these must be placed alcohol , the value of which within 
moderate limits is not as a food but as a stimulant and aid to 
digestion; condiments (mustaxjl, pepper, ginger, curry powder, 
Ac.) which are stomachic stimulants, the abuse of which is followed 
by dyspeptic troubles ; and tea, coffee, cocoa, and similar drinks 
These are stimulants chiefly to the nervous system ; tea, coffee, 
mate (Paraguay), guarana (Brazil), cola nut (Central Africa), 
bush tea (South Africa) and a few other plants used in various 
countries all owe their chief property to an alkaloid called theine 
or caffeine (C M H 10 N, t 0 2 ) ; cocoa to the closely related alkaloid, 
theobromine (C 7 H g N 4 0 2 ) ; coca to cocaine. These alkaloids 
are all poisonous, and used in excess, even in the form of in¬ 
fusions of tea and coffee, produce over-excitement, loss of digestive 
power, and other disorders well known to physicians. Coffee 
di ffers from tea in being rich in aromatic matters; tea contains a 
'latter principle, tannin ; to avoid the injurious solution of too 
much tannin tea should only be allowed to infuse (draw) for a 
few minutes. Cocoa is a valuable food in addition to its stimu¬ 
lating properties; it contains about 50 pcr cen.t.„Qf fat, and 12 
per cent, of proteid., ■ 

Green vegetables arc taken as a palatable adjunct to other foods, 
rather than for their nutritive properties. Their potassium salts 
are, however, abundant. Cabbage, turnips, and asparagus contain 
80 to 92 -water, 1 to 2 proteid, 2 to 4 carbohydrates, and 1 to 
i - 5 cellulose per cent. The small amount of nutriment in most 
green foods accounts for the large meals made by, and the vast 
capacity of the alimentary canal of, herbivorous animals. 
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CHAPTER XLIY. 

SECRETING GLANDS. 

Before passing on to the action of the digestive secretions on 
foods, it will be well to discuss some of the general aspects of the 
question, and the varieties of glands by means of which these 
substances are formed. 

It is the function of gland cells to produce by th e metabolism 
of their protoplasm certain substances called secretions. These 
materials are of two kinds; viz., those which are employed for 
the purpose of serving some ulterior office in the economy, and 
those which are discharged from the body as useless or injurious. 
In the former case the separated materials are termed true sec re¬ 
tions ; in the latter they are termed e xcre t ions. 

The secretions as a rule consist of substances which do not pro- 
exist in the same form in the blood, but require special cells an4 
a process of elaboration for their formation, e.g., the liver cells for 
the formation of bile, the mammary gland-cells for the formation 
of milk. The excretions, on the other hand, commonly consist of 
substances which exist ready-formed in the blood, and are merely* 
abstracted therefrom. If from any cause, such as extensive 
disease or extirpation of an excretory organ, the separation of an 
excretion is prevented, and an accumulation of it in the blood 
ensues, it frequently escapes through other organs, and may be 
detected in various fluids of the body. But this is never the case 
with secretions; for after the removal of the special organ by 
which each of them is manufactured, the secretion is no longer 
formed. 

The circumstances of their formation, and their final destina¬ 
tion, are, however, the only particulars in which secretions and 
excretions can be distinguished; for, in general, the structure of 
the parts engaged in eliminating excretions is as complex as that 
of the parts concerned in the formation of secretions. And since 
the differences of the two processes of separation, corresponding 
with those in the several purposes and destinations of the fluids, 
are not yet ascertained, it will be sufficient to speak in general 
terms of the process. 

Every secreting apparatus consists essentially of a layer of 
secreting eells arranged round & central cavity ; they take from 
the lymph whiqh bathes them the necessary material aqd trans¬ 
form, it into the secretion which they pour into the cavity. 
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The principal secreting organs are the following :—(1) the 
serous and synovial membranes; (2) the mucous membranes with! 
their special glands, e.g. t the buccal, gastric and intestinal glands 
(3) the salivary glands and pancreas; (4) the mammary glands 
{5) the liver; (6) the lacrimal gland; (7) the kidney and skin 
and (8) the testes. 

Serous membranes. —We have already discussed the struc¬ 
ture of serous membranes (p. 379), and also the question whether 
the lymph is a true secretion (p. 486). 



«*• 524-—Section of synovial membrane, a, epithelial covering of the elevations of the 
memDremo ; 6, underlying tiynue containing fat and blood-vessels: c, ligament covered 
by the synovial membrane. (Cadiat.) 

The synovial membranes line the joints and the sheaths of 
tendons and ligaments with which we may include the synovial 
bursae. The contents of these sacs is called synovia; it lubricates 
the surfaces of the joint and so ensures an easy movement. 
ffynOYlf k ia a rich lymph plus j aaoia; and it is this latter con¬ 
stituent wiuc!T^rve?TIiF^lMid its viscidity. It is thus a true 
secretion; and is formed by the epithelial cells which form an 
imperfect lining to the sac, and 4 ^Wffh~ab§'especially"accumuTated" 
on the processes of the synovial fringes (fig- 524) 

A mucous membrane consists of two parts; the epithelium 
on its surface, and the corium of connective tissue beneath. The 


s s 2 
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epithelium generally rests on a basement membrane which is 
usually composed of clear flattened cells placed edge to edge. 

The name mu cous is derived from the fact that these membranes 
all secrete^ mucin, the chief constituent of mu cus ; this maybe 
formed from "tKe~ surface epithelium cells breaking down into 
goblet cells (see p. 29), or an analogous process may occur in 
the cells of little glands called mucous glands, situated more or 
less deeply under the epithelium, and opening on the surface by 
ducts. Many mucous membranes (e.g., that of the stomach) form 
other secretions as well. 

Mucous membranes line all tho^e passages by which internal 
parts communicate with the exterior, and by which either matters 
are eliminated from the body or foreign substances taken into it 
The principal tracts are Gastro-pulmonary and Genito-urinaiy ; the 
former being sub-divided into the Digestive and Respiratory 
tracts. 

(^ Secreting glan ds may be classified according to certain types 
which are the following :— 1 . The simptle tubular gland (a, fig. 525), 
examples of which are f urnished by TK<T crypts of Liebe rkuhn, 
in the intestinal wall. They are simple tubular depressions of 
the mucous membrane, the wall of which is formed of a basement 
membrane and is lined with secreting cells arranged as an 
epithelium. To the same class may be referred the elongated 
and tortuous sudoriferous glands. 

2. The compound tulyular glands (d, fig. 525), form another 
division. These - consist of main gland-tubes, which divide and 
sub-divide. Each gland may be made up of the subdivisions of 
one or more main tubes. The ultimate subdivisions of the tubes 
are generally highly convoluted. They are .formed of a basement- 
merpbrane, lined by epithelium of various forms. The larger 
tubes may have an outside coating of fibrous, areolar, or 
muscular tissue. The kidneys and testes are exa mples of this 

type* • ---—— “ . 

3- The raceme gfruyfo a number of vesicles 

or acini are arranged in groups or lobules (0, fig. 525). The 
Meibomian follicles are examples of this -kind of gland. Some 
glands are of a mixed character, combining some of the characters 
of the tubular with others of the racemose type; these are called 
tubulo-racemose or tubvlo-acinous glands. These glands differ 
from each other only in secondary points of structure, but all have 
the same essential character in consisting of rounded groups of 
vesicles containing gland-cells, ancl opening by a cominon oentral 
cavity into minute ducts, which ducts in the large glands con¬ 
verge and unite to form larger and larger branches, and at length 
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open by one common trunk on a free surface. The larger 
racemose glands like the salivary glands are called compound race¬ 
mose glands. On internal secretions, see p. 489. 




D 



Fig. 525.—Flans of extension of secreting membrane by inversion or recession in form of 
cavities, a, simple glands, viz., g, straight tube; h, sac ; i, coiled tube, b, multilo- 
cular crypts; k, of tubular form; l, saccular, c, racemose, or saccular compound 
gland; m, entire gland, showing branched duct and lobular structure; «, a lobule, 
detached with o, branch of duct proceeding from it. o, compound tubular gland. 
(Sharpey.) 
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CHAPTER XLV. 

SALIVA. 

The saliva is formed by three pairs of salivary glands, called 
the parotid, submaxillary, and sublingualjgl&nds. 


The Salivary Glands. 

e 

These are typical secreting glands. They are made up of 
lobules united by connective tissue. Each lobule is made of a 
group of tubulo-saccular alveoli or acini , from which a duct 
pSis&es; this unites with other ducts to form larger and larger tubes, 
the main duct opening into the mouth. 

Each alveolus, is su rrou nded by a plexus of capillaries; the 
lympK which exudes from these is in direct contact with the 



Fig. 526.—From a section through a salivary gland, a, serous or albuminous alveoli; 
b, intralobular duet out transversely. {Klein and Noble Smith.) 

basement membrane that encloses the alveolus. The basement 
membrane is lined by secreting cells which surround the central 
cavity or lumen. The basement membrane is thin in many 
places to allow the lymph more ready access to the secreting 
cells; it is continued along the ducts. 

The secreting epithelium is composed of a layer of polyhedral 

T he epithelium of the duc * a jjfl except where it passes 

into an alveolus where it is flattened. The columnar epithelium 
cells of the ducts exhibit striations in their outer part (see fig. 
526); the inner zone of each cell is made of granular protoplasm. 
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The_ largest ducts have a jtfall of connective tissue outside the 
hMi^mt-membgw i%_ and ^aZfflBLunatriatfiri 

'^ ~TKe~ sec reting cells _diffjer acc ordin g. tO—tbe. su bstan ce- they, 
secrete. In alveoli that secrete mucin (such as those in the dog’s 



Fig. 5 2 7 -—Section of sub-maxillary gland of dog. Showing gland-cells, h, and a duct, a, b, 

in section. (Kolliker.) 


submaxillary, and some of the alveoli in the human, submaxillary), 
the cells after treatment with water or alcohol are clear and 
swollen (fig. 528); this is the appearance they usually present in 



Fig. 528.—From a section through a mucous gland in a quiescent state. The alveoli are 
lined with transparent mucous cells, and outside these are the demilunes. (Heiden- 


sections of the organ. But if examined in their natural state by 
teasing a portion of the fresh gland in serum, they are seen to be 
occupied by large granules composed of a substance .known as 
muciaen or rmc inogen. When the gland is active, mucigen is 
£ransformediftfo *rrmcin and discharged as a clear droplet of that 
substance into the l um en of the alveolus. Outside these are 
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smaller cells containing no mucigen'j these marginal cells stain 
darkly, and generally form crescentic groups (crescents or demi¬ 
lunes o f Gianuzzi) next to the basement membrane. They become 
in turn transformed into mucin-bearing cells, when the central 
cells have disintegrated. 

In those alveoli which do not secrete mucin, but a watery 



Pig. 529.—A part of a section through a raucous gland after prolonged electrical stimula¬ 
tion. Tire alveoli are lined with small granular cells. (tavdovski.) 


noil-viscid saliva (parotid, and some of the alveoli of the human 
submaxillary), the cells are filled with small granules of 
albuminous nature. Such alveoli are~ called se rous or a lbuminous. 



Fig. 530.—Alveoli of parotid gland. A, before secretion; B, in the first stage of secretion ; 

C, after prolonged secretion. (Langley.) 

to distinguish them from the other mucous alveoli we have just 
described. ■ 

These yield to the secretion its ferment, ptyalin . The 
granular substance within the cell is the mother substance of 
the ferment (z ymogen) , not the ferment itself. It is converted 
into the fermenF in the act of secretion. We shall study the 
question of zymogens more fully m connection with the gastric 
glands and the pancreas when by chemical methods they have 
been separated from the ferments. In tdie case of saliva we may 
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term the zymogen, ptyallnogen provisionally, but it has never 
been satisfactorily separated chemically from ptyalin. 

After secretion, as after food or the administration of the drug 
called pilocarpine, the cells shrink, they stain more readily, their 
nuclei become more conspicuous, and the outer part of each cell 
becomes clear and free from granules (fig. 530). 


The Secretory Nerves of Salivary Glands. 

The nerve-fibres which are derived from cranial and sym¬ 
pathetic nerves ramify between the gland c ells, but have never 
actually been traced into them? " 

These nerv es control and regulate the_ se cretion of saliva. 

The general truth concerning the existence of secretory nerves, 
we have already become acquainted with. The subject has been 
worked out most thoroughly in connection with the salivary 
glands, particularly the submaxillary gland in dog, rabbit, Ac., 
which we will take first. 

The Submaxillary and Sublingual Glands. —These glands 
receive two sets of nerve-fibres ; namely, from the chorda tympani 
and the sympathetic . 

The chorda tympani is given off from the seventh cranial perve 
in tlxe region of the tympanum.* After quitting the temporal 
bone it passes downwards and forwards, and joins the lingual 
nerve, with which it is bound Up for a short distance. On leaving 
the lingual nerve it traverses the svbmaxillary ganglion ; it then 
runs parallel to the duct of the gland, gives off a branch to the 
sublingual gland, hnd others to the tongue. The main nerve 
enters the hilus of the submaxillary gland, where it traverses a 
second ganglion concealed within the substance of the gland, and 
which may be called after its discoverer, Langley’s ganglion. 

The sympathetic branches to these two giancfs are derived from 
the plexus around the facial artery, and accompany the arteries 
which supply the glands. 

Section of the nerves produces no immediate result; but after 
a few days an abundant secretion of thin watery saliva takes 
place; this is called para lytic secre tion, and is produced either by 
of, the local nervous mechanism, which is then 
uncontrolled by impulses from the central nervous system: or 
else, it is a degenerative, defeat analogous to the fibrillar contrac- 

_ HI _ • __ 

* Though the chorda tympani is usually spoken of as a branch of the 
seventh nerve, it is probable that its fibres are really derived from the 
glosso-pharyngeal, which communicates with the facial in the tympanum. 
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tions which occur in degenerating muscles after severance of their 
nerves. If the operation is performed on one side, the glands of 
the opposite also show a similar condition, the thin saliva secreted 
there constituting the a ntilyti c secretion. 

Stimulation of the peripheral end of the divided chorda 
tympani produces an abundant secretion of saliva, which is 
accompanied by vaso-dilatation'Xsee p 7 477}! 

Stimulation of the peripheral end of the divided sympathetic 
causes a scanty secreti o n of thick vi Bcid sal iva, accompanied by 
vaso-constriction. 

The abundant secretion of saliva, avhich follows stimulation of 
the chorda tympani, is not merely the result of a filtration of fluid 
from the blood -vessels. In ^coxisequence pf the largely increased 
circulatio n througHThem. This is proved by the fact that, when 
the main duct is obstructed, the pressure within may considerably 
exceed the blood pressure in the arteries, and also that when into 
the veins of the animal experimented upon, some atropine has been 
previously injected, stimulation of the peripheral end of the 
divided chorda produces all the vascular effects as before, without 
any secretion of saliva accompanying them. Again, if an animal’s 
head is cut off, and the chorda be rapidly exposed and stimulated 
with an interrupted current, a secretion of saliva ensues for a 
short time, although the blood supply is necessarily absent. 
These experiments serve to prove that the chorda contains two 
sets of nerve fibres, one set ( vasordilatatcn-) which, when stimu¬ 
lated, causes the vessels to dilate; while another set, wdiich are 
paralysed by atropine, directly stimulate the cells themselves to 
activity, whereby they secrete and discharge^tbe...constituents of 
the saliva which they produce! < 3 n the other hand, the sym¬ 
pathetic fibres are also of two kinds, vaso-constrictor and 
secretory, the latter being paralysed by atropine. The chorda 
tympani nerve is, however, the principal nerve through which 
efferent impulses proceed from the central nervous system to 
excite the secretion of these glands. 

The function of the ganglia has been made out by Langley by 
the nicotine method (see p. 472). At one time the submaxillary 
ganglion was supposed to be the seat of reflex action for the 
secretion. This, however, is not the case. Th e, ganglia are oell 
stations on the course of the fibres to the swMnaxulary and 
sublingual glands. Nicotine applied locally has the power of 
paralysing nerve-cells, but not nervq-fibres. If the submaxfllary 
ganglion is painted with nicotine, and the nerve stimulated on the 
central side of the ganglion, secretion from the submaxillary 
gland continues, but that from the sublingual gland ceases. The 
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paralysed nerve-oells in the ‘ganglion act as blocks to the propaga¬ 
tion of the impulse, not to the submaxillary, but to the sublingual 
'gland. The cell station for the submaxillary fibres is in Langley’s 
ganglion. 

Parotid Gland.—This gland also receives two sets of nerve- 
fibres analogous to those we have studied in connection with the 



Fig. 531.—Diagrammatic representation of the submaxillary gland of the dog ■with its 
nerves and blood-vessels. (This is not intended to illustrate the exact anatomical 
relations of the several structures.) am. gld., the submaxillary gland into the duct 
(mn. rf.) of -which a cannula has been tied. The sublingual gland' and duct and 
Langley’s ganglion are not shown, n. 1 ., a. V, the lingual or gustatory nerve; 
ch. t., ch. t., the chordd tympani proceeding from the facial nerve, becoming con¬ 
joined with the lingual at n. 1 .', and afterwards diverging and passing to the gland 
along the duct; am. gl., submaxillary ganglion with its roots; n. 1 ., the lingual 
nerve proceeding to the tongue; a. car., the carotid artery, two branches of.which, 
a. am. a. and r. am. j>. pass to the anterior and posterior parts of the gland; v. am., the 
anterior and posterior veins from the gland ending in v. j., the jugular vein; v. aym., 
the conjoined vagus and sympathetic trunks; gl. car. a., the superior-cervical ganglion, 
two branches of which forming a plexus, a. /., over the facial artery are distributed 
(«. aym. am.) along the two glandular arteries to the anterior and posterior portion of 
the gland. The arrows indicate the direction taken by the nervous impulses; during 
reflex stimulations of the gland they ascend to the brain by the lingual and descend 
by the chorda tympani. (M. Foster.) 


submaxillary gland. The„principal. secretory nerve-fibres are. 
glossoph arynge al in origin; the s ympathetic ' is mainly vaso¬ 
constrictor^ but in some animals Joes contain a few secretory 
fibres also. 

When ,® ecre t?ry nerves arq Btimukted^Jha_main.results are 
sgcmtimJ[eft£ng r to 

The accompanying vascular condition determines the quantity of 
saliva secreted. Electrical changes also accompany secretory 
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activity. A rise of temperature is stated by some to occur, but 
if this is the case it is very slight, so that some observers have 
not been able to detect it. , 

Reflex Secretion. —Under ordinary circumstances the secre¬ 
tion of saliva is a reflex action. The principal afferent nerves are 
those of taste; but the smell, or sight'of food will also cause “the 
mouth to water; ” and under certain circumstances, as before 
‘ vomiting, irritation of the stomach has a similar effect. These 
sensory nerves stimulate a centre in the medulla from which 
efferent secretory impulses are reflected along the secretory nerves 
(chorda tympani, &c.) to the gland6^ 

Extirpation of the Salivary Glands. —These ' may be 
removed without any harmful effects in animals. 


The Saliva. 


The saliva is the first digestive juice to come in contact with 
the food. The secretions from the diffei-cnt-glaBds-differ.&ome- 
what in composition, but they are mixed in the mouth, the 
secretion of the minute mucous glands of the mouth and a certain 
number of epithelial cells and debris being added to it. The 
so-called ‘ salivary corpuscles ’ v are derived from the glands 
themselves or from the tonsils. 

On microscopic examination of mixed saliva a few epithelial 
scales'from the mouth and salivary corpuscles from the salivary 
glands are seen. The liquid^ is transparent, slightly^opalescent^ 
of slimy consistency, and may contain lumps of nearly pure 
mucin. On standing it becomes cloudy owing to the precipitation 1 
of calcium carbonate, the carbonic acid, which held it in solution ] 
as bicarbonate, escaping. 

Of "the three forms of saliva which contribute to the mixture 
found in the mouth the sublingual is riche st in solids (2 ‘7 5 per 
cent.). The submaxillary saliv a comes iiext (2*1 to 2‘g per "cent. - ). 
When artificially obtained by stimulation of nerves in the dog the 
saliva obtained by stimulation of the sympathetic is richer in 
solids than that obtained by stimulation of the chorda tympani. 
The parotid saliva is poorest in tota l solids (o^ to cl j; - p e r .cent, h 
and contains no mucin. Mixed "saliva contains in man an average 
of about o yn perj iaat^ pf solids ^- it is alkaline in reaction, due to 
the salts in it; and has a specific gravity of i,oo2to~i,6o6. ■' 

The solid constituents dissolved in saliva may be classified thus: 


Organic 


! a. Mucin : this may be precipitated by acetic acid. 
b. Ptyalin : an amylolytic ferment. 
c. Proteid : of the nature of a globulin. 
d. Potassium sulphocyanide. 
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( e. Sodium chloride : the most abundant salt. 

Inorganic . <f. Other salts : sodium carbonate, calcium phosphate and 
( carbonate ; magnesium phosphate ; potassium chloride. 

Th e action of s aliv a is t wofold, physical and chemical. 

The physical use of saliva consists in moistening the mucous 
membrane of the mouth, assisting the solution of soluble sub¬ 
stances in the food, and in virtue of its mucin lubricating the 
bolus of food to facilitate swallowing. 

The chemical action o f saliva is due to its active principle, 
ptyalin.- This substance belongs to the class of unorganised 
ferments, and to that special ^class of unorganised ferments which 
are called amylolytic (starch splitting) or diastatic (resembling 
diastase, the similar ferment in germinating barley and other 
grains). 

The s tarch is first split into dex trin andjnaltose ; the dextrin 
is subsequently converted into maltose also: this occurs more 
quickly with erythro-dextr in. whicl L.gives ,A _ xed colour wit h 
iodine, than in the o ther variety of dextrin 

winch gives bq~cqlqur with , iodine- Brown and Morris give the 
following equation :— 

1 o(C 0 H 10 O s ) n -f 4nH 2 0 

[starch] [water] 

— 4 n C' 12 H 22 O u + (C fi H 10 O 5 ) n 4- (C 0 H lo O 5 ) n 

[maltose] [acliroo-dextrin] [erythro-dextrin] v 

Ptyalin acts in a similar way, but more slowly on glycogen : it] 
has no action on cellulose ; hence it is inoperative 011 uncoo ked >. 
s tarch grains, in which the cellulos allaveEsIage intact. 

Ptyalin acts best at about the temperature of the body (35- 
40 0 ). It acts best in a neutral medium; a small amopnt of 
alkali makes but little difference; a very small amount of acid 
stops its activity. The conversion of starch into sugar by saliva 
in the stomach stops after 15 to 30 minutes, before any free acid 
appears; the acid which is first poured out combining with the 
proteids in the food, and acid proteid retards salivary action. 
Free hydrochloric acid immediately destroys ptyalin, so that it 
does not resume work when the acid is neutralised in the 
duodenum. 
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CHAPTER XLYI. 

THE GASTRIC JUICE. 

The juice secreted by the glands in the mucous membrane of 
the stomach varies, in composition in the different regions, but the 
mixed gastric juice, as it may be termed, is a solution of a proteo ¬ 
lytic. fer ment called pepsin in a saline solution, which also co ntains 
.a acid- 

The gastric juice can be obtained during the life of an animal 
by means of a gastric fistula. Gastric fistulas have also been 
made in human beings, either by accidental injury or by surgical 
operations. The most celebrated case is that of Alexis St. 
Martin, a young Canadian, who received a musket wound in the 
abdomen in 1822 . Observations made on him by Dr. Beaumont 
formed the starting-point for our correct knowledge of the physio¬ 
logy of the stomach and its secretion. 

We now make artificial gastric juice by mixing weak hydro-, 
chloric acid (0*2 per cent.) with the glycerine extract of the! 
stomach of a recently-killed animal. This artificial juice acts 
like the normal juice. 

Two kinds of glands are distinguished in the stomach, which 
differ from each other in their position, in the character of their 
epithelium, and in their secretion. Their structure will be found 
described on pp. 602 to 604. We may, how T ever, repeat that the 
cardiac glands are those situated in the cardiac part of the 
stomach : their ducts are short, their tubules long in proportion. 
The latter are filled with polyhedral cells, only a small lumen 
being "left; they are more closely granular than the corresponding 
cells in the pyloric glands. They are called principal or centred 
cells. Between them and the basement membrane of the tubule 
are other cells which stain readily with aniline dyes. They are 
called pgxi gtal or oxyntic cel ls. The pyloric glands , in the 
pyloric part of~the stomach, have long ducts and short tubules 
lined with cubical granular cells. There are no parietal cells. 

The central cells of the cardiac glands and the cells of the 
pyloric glands are loaded with granules. During secretion they 
discharge their granules, those that remain being chiefly situated 
near the lumen, leaving in each cell a cle ar outer zone. These 
are the celk, that secrete the pepsiif. Like secreting gener¬ 
ally, they Select icertain materials from the lymph.that bathes 
them ; .these materials are worked up by the protoplasmic 




THE GASTRIC GLANDS. 


639 


CH. XLVI.] 

activity of the cells into, the secretion, which is then discharged 
into the lumen of the gland. The most important substance in 
a digestive secretion is the ferment. In the case of the gastric 
juice this is genyn . We can trace ah intermediate step in this 
process by the presence of the granules. The granules are not, 
however, composed of pepsin, but of a mother-substance which is 
readily converted into pepsin. We shall find a similar ferment 
precursor in the cells of the pancreas, and the term zymogen is 
applied to these ferment precursors. The zymogen in the gastric 
cells is call ed mpsinaac n. The rennet-ferment or rennin th at 
('aiiKM -tha f.n rrtifu g ofmilk is distinct from pepshub^tialor^ ed 
by tfa.e_aame.gBUB . 

The parietal cells undergo merely a change of size during 
secretion, being at first somewhat enlarged and after secretion 
they shrink. They are also called oxyn tic cells, because they 
secrete the,hydrochloric acid of the juice. Heidenhain succeeded 
in making in one dog a cul-de-sac of the fundus, in another 
of the* pyloric region of the stomach; the former, secreted 
a juice containing both acid and pepsin; the latter, parietal cells 
being absent, secreted a viscid^alkaline juice containing pepsin. 
The formation of a free acid from the alkaline blood and lymph 
is an important problem. There is no doubt that it is formed 
from the chlorides of the blood and lymph, and of the many 
theories advanced as to how this is done, Maly’s is, on the whole, 
the most satisfactory. He considers that it originates,„hy the 
, interaction of the calcium chloride with the disodium hydrogen 
phosphate of the blood, thus :— 

2 Na 2 HP 0 4 + 3 CaCl 2 = Ca g (P 0 4 ) 2 + 4 NaCl + 2 HC 1 

[dmodiutn [calcium [calcium [sodium [hydro- 

hydrogen chloride] ]>ho»j>hate] chloride] chloric 

phosphate] acid] 

or more simply by the interaction of sodium chloride and sodium 
di-hvdrogen phosphate, as is shown in the following equation :— 

NaH 2 P 0 4 +NaCl = Na*HP 0 4 + HC 1 

[sodium di- [sodium [disodium [hydro¬ 
hydrogen chloride] hydrogen chloric 

phosphate] phosphate] acid] 

The sodium dihydrogen phosphate in the above equation is 
derived from the interaction of the disodium hydrogen phosphate 
and the carbonic acid of the blood, thus :— 

- Na 2 HP0 4 + C0 2 +H 2 0 = NaHCO g + NaH 2 9© 4 . 

But, as Professor Gamgee has pointed out, these reactions can 
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hardly be considered to occur in the blood generally, but rather 
in the oxyntic cells, which possess the necessary selective powers 
in reference to the saline constituents of the blood, and the hydro¬ 
chloric acid, as soon as it is formed, passes into the secretion of 
the gland in consequence of its high power of diffusion. 


Composition of Gastric Juice. 

The following table gives the percentage composition of the 
gastric juice of man and the dog :— 


Constituents. 

Human. 

Dog, 

. . 

Water. 

99'44 

9730 

Organic substances (chiefly 
pepsin) .... 

0-32 

171 

HC1. 

002 

0-30 

CaCL. 

o‘oo6 

006 

NaCl. 

0U4 

025 

KC 1 . 

005 

OUI 

NH ,01 . 

— 

0-05 

Ca a (PO,) s .... 

) 

> 0-17 

MgJPOJ, .... 

> 001 

002 

FeFO,. 

) 

o-oo8 


One sees from this how much richer in all constituents the 
gastric juice of the dog is than that of man. Carnivorous 
animals have always a more powerful gastric juice than, other 
animals; they have more work for it to do ; but the great contrast 
seen in the table is, no doubt, partly due to the fact that the 
persons from whom it has been possible to collect gastric juice 
have been invalids. In the foregoing table one also sees the 
great preponderance of chlorides over other salts: apportioning 
the total chlorine to the various metals present, that which 
remains over must be combined with hydrogen to form the free 
hydrochloric acid of the juice. 

Pepsin stands apart from nearly all other ferments by requiring 
an acid medium in order tha t it may act. Probably a j-. nmpmm d 
of the two S ub stances called' pepsinr Kyd rochloric ac id. is the real ly 
activfi^agent. Other acids may take the place of hydrochloric 
acid, but none'act so well. Lactic acid is often found in gastri c 
juice : this is d erived by ferme n tative pro cesses from the food. 

Hydrochloric acid is absent in some diseases of the stomach; the best 
colour tests for it are the following :— «... 

(a) Gunsberg’s reagent consists of 2 parts of phloroglucinol, 1 part of 
vanillin, and 30 parts of rectified spirit. A drop of filtered gastric juice is 
evaporated-with an equal quantity of the reagent. Red crystals form, or if 
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much peptone is present, theref will be a red paste. The reaction takes 
place with z part of hydrochloric acid in 10,000. The organic acids do not 
give the reaction. 

(ft) Tropseolin test. Drops of a saturated solution of tropsaolin 00 in 
94 per cent, methylated spirit are allowed to dry on a porcelain slab at 40® C. 
A drop of the fluid to be tested is placed on the tropseolin drop, still at 
40° 0.; and if hydrochloric acid is present, a violet spot is left when the 
fluid has evaporated. A drop of o'0o6 per cent, hydrochloric acid leaves a 
distinct mark. 

Lactic acid is generally detected by making an ethereal extract of the 
stomach contents, and evaporating the ether. If lactic acid is present it 
may be identified by the following way :— 

A solution of dilute ferric chloride and carbolic acid is made as follows :— 

10 c.c. of a 4-per-cent, solution of carbolic acid. 

20 c.c. of distilled water. * 

1 drop of the liquor ferri perchloridi of the British Pharmacopoeia. 

On mixing a solution containing a mere trace (up to I part in 10,000) of 
lactic acid with this violet solution, it is instantly turned yellow. Larger 
percentages of other acids (for instance, more than o - 2 per cent, of hydro¬ 
chloric acid) are necessary to decolorise the test solution. 


The Innervation of the Gastric Glands. 

As long ago as 1852 Bidder and Schmidt showed in a dog 
with a gastric fistula that the sight of food caused a secretion of 
gastric juice; and ,in 1878 Richet showed that in a man with 
complete occlusion of the gullet, the act of mastication caused a 
copious flow of gastric juice. There can therefore have been no 
doubt that the glands are under the control of the nervous 
system, but until quite recently all attempts to discover the 
secretory nerves of the stomach proved unsuccessful. £jiwlow 
has solved the problem. He experimented on dogs : he first made" 
a gastric fistula; and a few days later exposed the oesophagus, 
divided it, and sewed the two cut ends to the two corners of the 
wound in the neck. The animal ■ was fed by means of the lower 
piece of the oesophagus; but any food taken by the mouth or 
any saliva secreted into the mouth was never allowed to enter the 
stomach, but fell out of the opening of the oesophagus in the 
neck. These animals were kept alive for months and soon 
accommodated themselves to their new conditions of life. 

If one of them was kept without food for a few hours, and 
then given a meal of meat, it devoured it with avidity though 
none ever reached the stomach. The effect of this sham feeding 
was a reflex and abundant flow of gastric juice, which commenced 
about five minutes after the beginning of the meal. If water, 
milk, or soup was given instead of meat no such secretion 
occurred. 

The same phenomena occurred when both splanehnios were 

K.P. 
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divided. It is therefore evident that the OT >*«**■ 

secretory nerves. But after division of the 

point of "origin of the recurrent laryngeal nerves to avoid 
paralysis of the larynx), the reflex secretion ' >anao ^ though the 
dog went through the process of sham feeding with the same 
avidity as before. 

The vagi therefore c ontain t he secretor y fibre s; this conclusion 
was confirmecTTjy" tKe expenriienfr'df stimulation. If the peri¬ 
pheral end of a divided vagus is stimulated, however, the usual 
result is stoppage of the heart; this difficulty was overcome by 
letting a few days elapse between, the division of the nerves, and 
the experiment of stimulating them. During this time the cardio- 
inhibitory fibres degenerated, and then stimulation of the nerve 
by induction shocks at intervals of one second called foyth a flow 
of gastric 4-uice. but always after a latent period of about five 
minutes. 


Pawlow’s method enabled him to obtain a gastric juice free from any 
admixture with saliva or food. The main facts in relation to this pure 
juice are as follows :—It is clear and colourless ; it has a specific gravity of 
1003 to 1006. It is feebly dextro-rotatory, gives no biuret reaction, but 
gives the ordinary proteid reactions; It Contains from o'4 to o - 6 per cent. 
Of hydrochloric acid. It ia Kt-rnTiffly rirntenlytip and inverts nnnp sugar. 
When cooled to o“C. it deposits a fine precipitate ot pepsin ; this sett les in 
layers, and the layers first deposited contain most of the acid, which is 
loosely combined with and carried down by the pepsin. Pepsin is also 
precipitable by ammonium sulphate (Ktihne). Elementary analysis gave 
the following results :— 


Pepsin precipitated by cold— 
Carbon .... 5073 per cent. 
Hydrogen .... 7-23 

Chlorine . . 101 to I - I7 ,. 

Sulphur .... 0*98 „ 

Nitrogen . . . not estimated 

Oxygen . . . the remainder. 


Precipitated by Am 2 S 0 , 
5037 ' 

688 


o % 8g 

r 34 

I4‘S5 to 15 0 
the remainder. 


. * Action of Gastric Juice. 

The principal actiou of the gastric juice oonsists in converting 
the proteids of the food into the diffusib le peptones . In the case 
bf TffifllfThlBTs '"precedeBTby the curdling due to rennet (see p. 617). 

There is a still further action—that is, the gast ric juice is 
antiseptic : putrefactive processes do not normally occur in the 
stomach, and the organisms that produce such processes, many 
of which are swallowed with the food, are in great measure 
destroyed, and thus the body is protected from them. The acid 
is the agent in the juice that possesses this power. 
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The formation of pepto nes is a pro cess of hyflpttion : peptones 
may be formed, .by ouler Tlydrating agencies like super-heated 
steam and heating with dilute mineral acids. There are certain 
intermediate steps in this process : the intermediate substances 
are called pro-peptones or proteoses. The word ‘ proteose ’ is the 
best to employ': it includes the albumoses (from albumin), 
globuloses (from globulin), vitelloses (from vitellin), &c. Similar 
substances are also formed from gelatin (gelatinoses) and elastin 
(elastoses). 

Another intermediate step in gastric digestion is called para- 
pe pton e : this is acid albumin,or syntonin ; it also, though with 
some difficulty^ - Ts~ converted into peptone. The products of 
digestion maybe classified in various ways. It will be convenient 
to take albumin as our example, remembering that globulin, 
myosin, and all the other proteids form corresponding products.- 
The products of digestion may be classified, accordintr to their 
solubilities, as follows :— 


1. Parapeptone 

2. Propeptone 

3. Peptone. 


I (a) Prolo-albunn 
4 (J>) Hetero-albumose 

(.0) Deutcro-albuinoso 


} 


. . Acid albumin. 

The primary albuinoHcs, i.e., 
those which are formed 
first. 


The primary albumoses are precipitated by saturation with 
magnesium sulphate or sodium chloride. Deutcro-albumose is 
not; it is, however, - precipitated by saturation with ammonium 
sulphate. Proto- and deutero-albumose are soluble in water; 
hetero-albumose is not; it requires salt to hold it in solution. 

But a more important classification may be called the physio - 
logical classifica tion, and it is the followin g :— * 

^rhembuimn molecule may lie considered to bo made up of 
two parts called respectively hemi-albumin and anti-albumin. 
The former yields ultimately hemipeptone, the latter anti¬ 
peptone. The intermediate albumoses have similar names :— 

Albumin 


Hemi-albumin Anti-albumin 

„ . J I 

Hem 1 -albumose Anti-albumose and acid albumin 

i I 

Hemipeptone Antipeptone. 

The hemipeptone differs from the antipeptone in the manner >it is 


t t 2 
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affected by the prolonged action of the next digestive juice, the 
pancreatic secretion; hemipeptone yields leucine a nd tyrosine, 
antipeptone; does not. This will be fully discussed in the next 
chapter. 

Peptones. —These are the final products of the action of 
gastric juice on native proteids. 

They are soluble in wat er, are not coagulated_by heat, and are 
n ot precipitate d, by nitric -acid, copper sulphate, ammonium sul¬ 
phate, and a number of other precipitauts of proteids. They are 
precipitated but not coagulated by alcohol. They are also 
precipitated by tannin, picric $.cid, potassio-mercuric iodide, 
phospho-molybdic acid, and phospho-tungstic acid. 

They give the biuret reaction (rose-red with a trace of copper 
sulphate and caustic potash or soda). 

Peptone is readily diffusible through animal membranes. The 
utility of the formation of diffusible substances during digestion 
is obvious. 

Proteoses. —These are the intermediate products in the 
hydration of native proteids into peptones. 

They are not coagulated by heat; they are precipitated but not 
coagulated by alcohol : like peptone they give the biuret reaction. 


Variety of 

Action of 

Action of 

proteid 

heat 

alcohol 

Albumin 

Coagulated Precipitated, 
then coagu- 1 
lated 

Globulin 

Ditto. 

Ditto. 

1 

i 

i 

Proteoses Notcoagu- 

i 

i 

Precipitated, 

(albu- 

lated 

but not oo- 

moses) 


agulated 

Peptones 

Not coagu- 

Precipitated, 


lated 

but not co¬ 
agulated 


Action of 
nitric acid 


readily 
on 


beating 

Ditto. 


Precipitated 
in the cold;, 
readily solu¬ 
ble on heat¬ 
ing ; the pre¬ 
cipitate re¬ 
appears on 
cooling* 

Not precipi¬ 
tated 


Action of 
ammonium 
sulphate 


Precipitated 
by complete 
saturation 


Precipitated 
by half satu¬ 
ration ; also 
precipitated 
by MgSO, 

Precipitated 
by saturation 


Not precipi¬ 
tated 


Action of , 

sulpEate in¬ 
land caustic; y " 
potash 




Violet 

colour 


Ditto. 


Bose-red 

colour 

(biuret 

reaction) 


Bose-red 

colour 

(biuret 

reaction) 


! Nil 


Ditto. 


; Slight- 


Great 


' * In the case of deutero-albumose this reaction only occurs in the presence of excess of 
eatt.. 
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They are precipitated by nitric acid, the precipitate being soluble 
on heating, and reappearing when the liquid cools. This last is a 
distinctive property of proteoses. They are slightly diffusible. 

The preceding table will give us at a glance the chief characters 
of peptones and proteoses in contrast with those of the native 
proteids, albumins, and globulins. 

We see that the main action of the gastric juice is upon thg 
proteids of the food, converting them into more soluble an 
diffusible products. The fats are not chemically altered in th 
stomach ; their proteid envelopes are, however, dissolved, and! 
the solid fats are melted. Starch is unaffected ; but cane sugar 1 
is inverted. 


CHAPTER XLV1I. 

DIGESTION IN THE INTESTINES. 


Hebe we have to consider the 
and of the succus entericus. 

The Pancreas. 

This is a tubulo-raceinose 
gland closely resembling the 
salivary glands in structure. 
The principal differences are 
that the alveoli or acini are 
more tubular in character ; 
the connective tissue be¬ 
tween them is looser, and 
in it are small groups of 
epithelium-like cells, which 
are supplied by a close net¬ 
work of capillaries (fig. 533). 

The secreting cells of 
the pancreas a re polyhedra l. 
When examined in the fresh 
condition, or in preparations 
preserved by osmic acid, 
their protoplaam- ia . seen .to. 


action of pancreatic juice, of bile. 



Fig. 532.—Section of the pancreas of a dog 
daring digestion, a, alveoli lined with 
cells, the outer zone of which is well stained 
with heematoxylin; d, duct lined with short 
cubical oells. x 350. (Klein and Noble 
Smith.) 


be filled in the Inne r two-th irds with Bipall grannies ; but the 
outer "third is left clear, and, stains readily wi th r eagents. 
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During^aeeretion the granules ar£ discharged ; the clear zone 
consequently becomes wider, and the granular zone narrower. 
These granules indicate the presence of a zymogen which is 



Fig. 533.—Section of the pancreas of armadillo, showing alveoli and an islet of epithelium 
in the connective tissue, (V. D. Harris.) 

c alled t rip sinogen; that is, the precursor of trypsin, the most 
important ferment of the pancreatic juice. 

In the centre of each acinus, spindle-shaped cells ( centro-acinar 
cells) are often seen; their function and origin are unknown. 


Composition and Aotion of Pancreatic Juice. 

The pancreatic juice may be obtained by a fistula in animals, 
a cannula being inserted into the main pancreatic duct; but as 
in the case of gastric juice, experiments on the pancreatic secretion 
are usually performed with an artificial juice made by mixing a 
weak alkaline solution (x per cent, sodium carbonate) with 
a glycerine extract of pancreas. , The pancreas should be 
treated with dilute acid for a few hours before the glycerine 
is added. This ensures a conversion of the trypsinogen into 
trypsin. 

Quantitative analysis of human pancreatic juice gives the 
following results:— 

Water . . . 9 7 - 6 per cent. 

Organic solids. . 1 *8 „ 

Inorganic salts . * o-6 „ 

The organic substances in pancreatic juice ajre— 
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(a) Ferments. These are the most important both quantita¬ 
tively and functionally. They are four in number:— 

i. Trypsin, a proteolytic ferment. 

ii. Amylopsin or pancreatic diastase, an amylolytic ferment 

iii. Steapsin, a fat-splitting ferment. 

iv. A milk-curdling ferment. 

( b ) A small amount of proteid matter, coagulable by heat. 

(c) Traces of leucine, tyrosine, xanthiue, and soaps. 

The inorganic substances in pancreatic juice are— 

Sodium chloride, which is the most abundant, and smaller 
quantities of potassium chloride, and phosphates of sodium, 
calcium, and magnesium. The alkalinity of the juice is due to 
phosphates and carbonates, especially of sodium. 

The action of pancreatic juice, which is the most powerful and 
important of all the digestive juices, may be described under the 
headings of its four ferments. 

1. Action, of Trypsi n.—Trypsin acts like pepsin, but with 
certain- differences, which are as follows:— 

(a) It acts in an alkaline, pepsin in an acid medium. 

( b ) It acts more rapidly than pepsin, but the same series of 
proteoses can be detected as intermediate products in the formaT 
tion of peptone. 

(c) An albuminate of the nature of alkali-albumin is formed 
in place of the acid-albumin of gastric digestion. 

( d ) It acts more powerfully on certain albuminoids (such as 
clastin) which are difficult of digestion in gastric juice. 

(e) Acting on solid proteids like fibrin^ it eats them away 
from the surface to the interior; there is no preliminaiy swelling 
as in gastric digestion. 

(/) Trypsin acts further than pepsin, on prolonged action 
partly decomposing the he mipep tone which has left the stomach 
into simpler products, of which the most important are leucine 

4 A 4 ****«W*KO-" 

a nd, tyrosine. It leaves the antipeptone unaffected. 

2. do tion of Amylopsin. —The conversion of starch int o 
maltose is the most powerful and rapid oF’alT'the actionsof"th*e 
pancfSatiS juicer It is much more powerful than saliva, and will 
act even on unboiled starch. The absence <?f this ferment .in $he 
pancreatic juice of infants is an indication that milk, and not 
starch, is their natural diet. 

.3.” Action on Fats. —The action of pancreatic juice on fats 

is a double one: it for ms a n emulsion, and it decomposes the fats 
into fatty acids an 3 ~glycerin by'means 6f*its fat-spITtirng^ferment 
ste apsin . The fatty^acids unite ’wlfE "ffi[@*“SlkaIine bases to form 
soaps {saponification). The chemistry of this is described on p. 556. 
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The fat-splitting power of pancreatic juice cannot be studied with 
a glycerine extract, as steapsin is not soluble in glycerine: either 
the fresh juice or a watery extract of pancreas must be used. 

The formation of an emulsion may be studied in this way. 
Shake up olive oil and water together, and allow the mixture to 
stand; the finely divided oil globules soon separate from and 
float on the surface of the water; but if a colloid matter like 
albumin or gum is first mixed with the water, the oil separates 
more slowly. A more permanent emulsion is formed by an 
alkaline fluid, and especially when a small amount of free fatty 
acid is being continually liberated^ the acid combines with the 
alkali to form a soap, 'which is stated to form a thin layer on the 
outside of each oil globule, and so prevents them running 
together again. Pancreatic fluid possesses all the necessary 
qualifications for forming an emulsion :— 

i. It is alkaline. 

ii. It is viscous from the presence of proteid. 

iii. It has the power of liberating free acids. 

4 . Milk - curdling Ferment. —The addition of pancreatic 
extracts or pancreatic juice to milk causes clotting ; but this 
action (which differs in some particulars from the clotting caused 
by rennet) can hardly ever be called into play, as the milk upon 
which the juice has to act has been already curdled by the rennin 
of the stomach. 

Intestinal digestion. 

The pancreatic juice does not act alone on the food in the 
intestines. There are, in addition, the bile, the s uocus i nteric us 
(secret ed by the crypts of Lieberkiihn), and bacterial action to be 
considered. 

The bile, as we shall find, ha s little or no dj gflp+iv 1 * lw 

i tself , b ut combined with pancreatic juice it assists the lattarJn 
all its acti ons. This is true for the digestion of starch and of proteid, 
but most markedly so for the digestion of fat. Occlusion of the 
bile-duct by a gall-stone or by inflammation prevents bile entering 
the duodenum. Under these circumstances the fseces contain a 
large amount of undigested fat. 

The suocus enterious appears to have to some ex tent t he 
power of converting starch into'sm rar ; whether it acts onproteids 
'T^'ls^efy douB'tfuff its most important action is due to a 
ferment it contains called invertin. which inverts sacch aroses— 
that is, it converts cane sugar and "maltose into glucose. 

The original use of the term “ inversion ” has been explained 
on p. 551. It may be extended to include the similar hydrolysis 
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of other saccharoses, although there may be no formation of 
levorotatory substances. 

Succub entericuB has been obtained free from other secretions by means of 
a flBtula. Thiry’s method iB to cut the intestine across in two places ; the 
loop so cut out is still supplied with blood and nerves, as its mesentery is 
intact; this loop is emptied, one end is sewn up, and the other stitched to 
the abdominal wound, and so a cul-de-sac from which the secretion can be 
collected is made. The continuity of the remainder of the intestine is 



fig- 534 -—Diagram of intestinal fistula. I., Thiry’s method; II., Vella’s method. A, 
abdominal wall; B, intestine with mesentery ; C, separated loop of intestine, with 
attached mesentery. 

restored by fastening together the upper and lower portions of the bowel 
from which the loop has been removed. Vella’s method resembles Thiry’s 
except that both ends of the loop are sutured to the wound in the abdomen. 
Fig. 534 illustrates the two methods. 

Bacterial action.— The ga stric juice is an antise ptic; the 
pancreatic juice is not. A feebly-alkaline fluid like pancreatic 
juice is just the most suitable medium for bacteria to flourish in. 
Even in an artificial digestion the fluid is very soon putrid, unless 
special precautions to exclude or kill bacteria are taken. It is 
often difficult to say where pancreatic action ends and bacterial 
action begins, as many of the bacteria that grow in the intestinal 
contents, having reached that situation in spite of the gastric 
juice, act in the same way as the pancreatic juice. Some form 
sugar from starch, others peptone,--lepcine, and tyr&sine from 
proteids, while others, again, break up fats. There are,"however, 
certain" actions that are entirely due to these putrefactive 
organisms. 

i. On carbohydrates. The most frequent fermentation they 
set up is the lactic acid ferm entation : this may go further and 
result in the formation of carbonic acid, hydrogen, and butyric 
acid (see p. 552). Cellulose is broken up into carbonic aoid and 
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methane. This is the chief cause of "the gases in the intestine, 
Che'amount "of which is increased by vegetable food. 

ii. On fats. In addition to acting like steapsin, lower acids 
(valeric, butyric, &c.) are produced. The formation of aci d 
products from' fats” and carbohydrates gives to the intestinal 

reaction. Recent' researches show that the 
contents oT'CBe' mtesCnTe* become acid much higher up than was 
formerly supposed. Organic acids do not, however, hinder pan¬ 
creatic digestion. 

iii. On proteids. . Fatty acids and amido-acids, especially leu¬ 
cine and tyrosine, are produced7^u^~theseyiltfefactive or g a ni sms 
have a special actiohTn add it i on, producing substances having an 
evil odour, like indole (C h H 7 N), skatole (C 9 H 9 N), and phenol 
(C 6 H 6 0 ). There are also gaseous products in some cases. 

If excessive, putrefactive processes are harmful if within 
normal limits, they are useful, helping the pancreatic juice and, 
further, preventing the entrance into the body of poisonous 
products. It is possible that, in digestion, poisonous alkaloids 
are formed. Certainly this is so in one well-known case, leci¬ 
thin, a material contained in small quantities in many foods, and 
in large quantities in egg-yolk and brain, is broken up by the 
pancreatic juice into glycerine, phosphoric, acid, stearic acid, and 
an alkaloid called choline. We are, however, protected from the 
poisonous action of choline by the bacteria, which break it up 
into^carbonic acid, methane, and ammonia. 

Iieucine and Tyrosine. 

These two substances have been frequently mentioned in the 
preceding pages. As types of the decomposition products of 
proteids they are important, though probably only small quanti¬ 
ties are normally formed during digestion. 

They belong to the group of amido-acids. On p. 555, we have 
given a list of the fatty acids; if we replace one of the hydrogen 
atoms in a fatty acid by amidogen (NH 2 ), we obtain what is 
called an amido-acid. Take acetic acid : its formula is C a H 4 0 2 ; 
replace one H by NH 2 , and. we get C 2 H 3 (NH 2 ) 0 2 , which is amido- 
acetic acid or glycocine. If we take caproic acid—a term a little 
higher in the series—its formula is C 0 ff 12 O 2 ; amido-caproic acid 
is C b H u (NH 2 )Oj, which is also called leucine. 

Though empirically leucine may be regarded as amido-caproie 
acid as stated above, recent chemical analysis has shown that it 
should more properly bo regarded as a-amido-isobutylaoetic acid 
|CH g ) 2 CH.CH 2 .CH(NH 2 )t:OOH. 



OH. XLVII.] NERVES OF THE PANCREAS. 6 $ I 

Tyrosine is a little More complicated, as it is not only an 
atnido-acid, but also contains an aromatic radicle. Propionic 
acid has the formula C s H 6 0 2 ; amido-propionic acid is C s H 5 (NH 2 ) 0 4 , 
and is called qkwine. If another H in this is replaced by oxy- 
phenyl (C 6 H 4 .OH), we get C 3 H 4 (C 6 H 4 . 0 H)(NH 2 ) 0 2 , which is 
oxyphenyl-amido-propionic acid, or tyrosine. Leucine and 
tyrosine are both crystalline; the former crystallises in the form 
of spheroidal clumps of crystals, the latter in collections of fine 
silken needles. 

Secretory Neryes of the Pancreas. 

It has been known since the work of Claude Bernard in 1856 
that the introduction of ether into the stomach produces a reflex 
flow of pancreatic juice, but all attempts to discover the path of 
the nerve impulses failed until the recent work of Pawlow. The 
reason of the failure of previous workers is that the pancreas is 
remarkably sensitive to external conditions. If the pancreas is 
cooled or wounded during the process of making the fistula, or if 
sensory nerves are excited, or if anaesthesia is deep, the gland 
refuses to secrete. 

Pawlow discovered that the vagus contains the secretory nerves 
of the pancreas; he took care to'avoid the sources of error just 
referred to. In the first place he stimulated the vagi below the 
origin of their cardiac branches ; in the second, the spinal cord 
was divided high up to prevent reflexes occurring from sensory 
nerves, and lastly, the operation of stimulating the nerve was 
done without an anaesthetic. 

In another series of experiments, he cut through one vagus in 
the neck, and stimulated the peripheral end two or three days 
later, when the cardio-inhibitory fibres had degenerated : in this 
way he got rid of the heart stoppage which would have interfered 
with the normal condition of the animal. 

In all cases, the stimulation of the vagus produced an abundant 
flow of pancreatic juice, after a latent period of from fifteen 
seconds to two minutes. The stimulation applied to the nerve 
consisted of a slow series of shocks (either induction currents or 
mechanical blows) about once a second. By this means stimula¬ 
tion of vaso-constrictor nerves to the pancreas contained in the 
vagus is avoided. If the blood supply is diminished by stimula¬ 
tion of vaso-constrictor nerves, the secretion is stopped. 
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Extirpation of the Pancreas. 

Complete removal of the pancreas in animals and diseases of 
the pancreas in man produc e a condi tio n of digbstes, in addition 
to the loss of pancreatic action in the intestines. Grafting the 
pancreas from another animal into the abdomen of the animal 
from which the pancreas has been removed relieves the diabetic 
condition. 

How the pancreas acts other than in producing the pancreatic 
juice is not known. It must, hoyever, have other function s 
related to the general metabolic p henome na of the. bQdjz T _.wPinh 
are disturbed, by. removal or. disease of . Jbe. gland. This is an 
illustration of a universal truth—viz., that each part of the 
body does not merely do its own special work, but is concerned 
in the great cycle of changes which is called general metabolism. 
Interference with any organ upsets not only its specific function, 
but causes disturbances through the body generally. The inter 
dependence of the circulatory and respiratory systems is a well- 
known instance. Removal of the thyroid gland upsets the whole 
body, producing widespread changes known as myxcedema. 
Removal of the testis produces not only a loss of the spermatic 
secretion, but changes the whole growth and _ appearance of the 
animal. Removal of. the greater part of the kidneys produces 
rapid wasting and the breaking down of the tissues to form an 
idfcreased quantity of urea. The precise way in which these 
glands are related to the general body processes is, however, a 
subject of which we know as yet very little. The theory at 
present most in favour is that certain glands produce an internal 
secretion, which leaves them vid the lymph, and is then dis¬ 
tributed to minister to parts elsewhere. The question of the 
internal secretions of the thyroid and suprarenal capsules is 
discussed on p. 500. In the case of the pancreas. Prof essor 
Schafer has propounded t he theo ry that its internal secretion , 
sto ppage of which m some w av leads to diabetaa>Js produced i n 
the islets of epithelium- like cells"scattered through the c onnective 
tissue oFthe organ (see fig. 533). 
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CHAPTER XLVIIL 


THE LIVER. 


The Liver, the largest gland in the body, situated in the 
abdomen on the right side chiefly, is an extremely vascular 
organ, and receives it s-a apply o f _bloQd-iHmJm 
viz., from the 'portal vein and from the hepatic, artery, while the 
blood is returned from it into the vena cava inferior by the 
hepatic vein s. Its secretion, the bile, is conveyed from it by the 
hepatic duct, either directly into the intestine, or, when digestion 
is not going on, into the cystic duct, and thence into the gall¬ 
bladder, where it accumulates until required. The portal vein, 
hepatic artery, and hepatic duct branch together throughout 
the liver, while the hepatic veins and their tributaries run by 
themselves. 

On the outside, the liver has an incomplete covering of peri- 



Pig. 535. The under surface of the liver. «). b., gall-bladder; 11. r>., common bile-duct; 
h. a., hepatic artery; v. r., portal vein; l, q., lobulus quadra tus; l. lobulua 
spigelii; l. c., lobulus caudatus; d. v., ductus venosus; v. v., umbilical vein. (Noble 
Smith.) 


toneum, and beneath this is a very fine coat oL axfinlarJiissue, con¬ 
tinuous over the whole surface of' the organ. It is thickest 
where the peritoneum is absent, and is continuous on the general 
surface of the liver with the fine and, in the human subject, 
almost imperceptible areolar tissue inventing the lobules. At the 
transverse fissure it is merged in the areolar investment called 
Glisson’s caDSule, which, surrounding the portal vein, hepatic 
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artery and hepatic duct, accompanies "them in their branchings 
through the substance of the liver. 

Structure . —The liver is made up of small roundish or oval 
portions called lobules, each of which is about -gV of an inch 


A 


Fig-. 536.—A. Liver-cells. B. Ditto, containing various-sized particles of flit. 





(about 1 mm.) in diameter, and composed of the liver cells, 
between which the blood-vessels and bile-vessels ramify. The 
hepatic cells (fig. 536), which form the glandular or secreting 


if -tt 



Fig. 5.57.— Longitudinal section of a portal canal, containing a portal vein, hepatic artery 
and hepatic duct. from the pig. r, branch of vena porta:, situate in a portal canal 
formed amongst the lobules of the liver ; l, l, and giving off vaginal branches; there 
are also seen -within the large portal vein numerous orifices of the smallest inter¬ 
lobular veins arising directly from it; «, hepatic artery ; d, bile duct, x 5. 
(Kiernan.) 


part of the liver, are of a spheroidal form, somewhat polygonal 
from mutual pressure, about -g^-g-*to inch (about 3 V to 

mm.) in diameter, possessing a nucleus, sometimes two. The 
cell-substance, composed of protopla sm, contains numerous fa tty 
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Fig. ^8,- Capillary network of the lobules of the rabbit’s liver. The figure is taken from a 
8 very successful injection of the hepatic, veins, made by Harting : it shows nearly the 
whole of two lobules, and parts of throe others; />, portal branches running in the 
interlobular spaces ; 7/, hepatic veins penetrating and radiating from the centre of the 
lobules, x 4S- (Kiilliker.) , 



C 


Fig. sm.—Section of a portion of liver passing longitudinally through a considerable 
hepatic vein, from the pig. H. hepatic venous trunk, against which the sides ot tne 
lobules (7) are applied; A, h, A, sublpbular hepatic veins, on which the bases of the 
lobulos rest, and through the coats of which they are seen as polygonal ngures • i, 
mouth of the intralobular veins, opening into the sublobular veins; t .intralobular 
veins shown passing up the centre of some divided lobules ; 7 , 7 , cut surface or tne 
liver; c, c, walls of the hepatic venous canal, formed by the polygonal bases of the 
lobules, x 5. (Kieman.) 
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particles, as well as a variable . apoflUAt of glycogen. The cells 
■sometimes exhibit slow amoeboid movements. They are held 
together by a very delicate sustentacular tissue, continuous with 
the interlobular .connective tissue. 

To understand the distribution of the blood-vessels in the liver, 
it will be well to trace, first, the two blood-vessels and the duct 
which enter the organ on the under surface at the transverse 
fissure, viz., the portal vein, hepatic artery, and hepatic duct. As 



Fig. 540.- Portion of a lol.ule of liver, a, bile capillaries between liver-cells, the network 
in which is well seen ; b, blood capillaries, x .150. {Klein and Noble Smith.) 

before remarked, all three run in company, and their appearance 
on longitudinal section is shown in fig. 537. Running together 
through the substance of the liver, they are contained in small 
channels called portal canals, their immediate investment being a 
sheath of areolar tissue continuous with Glisson’s capsule. 

To take the distribution of the portal vein first:—In its 
course through the liver this vessel gives off small branches 
which divide and subdivide between the lobules surrounding them 
and limiting them, and from this circumstance called mtcr-lobular 
veins. From these small vessels a dense capillary network is 
prolonged into the substance of the lobule, and this network 
converges to a single small vein, occupying the centre of the 
lobule, and hence called mfro-lobular. This arrangement is well 
seen in fig. 538, which represents a transverse section of a lobule. 

The small mtfra-lobular veins discharge their contents into 
veins called swft-lobular ( h h h, fig. 539); while , these again, by 
their union, form the main branches of the hepatic veins, which 
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leave the posterior border' of the liver to end by two or three 
principal trunks in the inferior vena cava, just before its passage 
through the diaphragm. The mi-lobular and hepatic veins, 
unlike the portal vein and its companions, have little or no 
areolar tis sue around.them, and their coats being very thin, they 
form little more than mere channels in the liver substance which 
closely surrounds them. 

The hepatic artery, the chief function of which is to distribute 
blood for nutrition to Glisson’s capsule, the walls of the ducts and 
blood-vessels, and other parts of the liver, is distributed in a very 



Fig. 541.—Hepatic cells anil bile capillaries, from the liver of a child three months old 
Both figures represent, fragments of a section carried through the pei'iphery of a lobule. 
The red corpuscles of the blood are recognized by their circular contour-; 1/1, corresponds 
to an interlobular vein in immediate proximity with which are the epithelial cells of 
the biliary ducts, to which, at the lower part of the figures, the much larger hepatic 
cells suddenly succeed. (E. Ilering.) 


similar manner to the portal vein, its blood being returned by 
small branches which pass into the capillary plexus of the lobules 
which connects the inter- and mfra-lobular veins. 

* 

The hepatic duct divides and sub-divides in a manner very like 
that of the portal vein and hepatic artery, the larger branches 
being lined by columnar, and the .gnuUlei:.. Sy.. 
epithelium. 

The bile-capillaries commence between the hepatic cells, and 
are bounded by a delicate membranous wall of their own. They 
are always bounded by hepatic colls on all sides, and are thus 
separated from the nearest blood-capillary by at least the breadth 
of one cell (figs. 540 and 541). 

To demonstrate the intercellular network of bile-capillaries, 
Chrzonszezewsky employed a method of natural injection. A 
saturated aqueous solution of sulph-indigptate of sod a is introduced 
into the circulation of dogs ana pigsby'tkie jugular vein. The 
animals are killed an hour and a half afterwards, and the blood- 

K.P. 
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vessels washed free from blood, or injected with gelatin stained 
with carmine. The bile-ducts are then seen filled with blue, and 
the blood-vessels with red material. If the animals are killed 
sooner than this, the pigment is found within the hepatic cells, 
thus demonstrating it was through their agency that the canals 
were filled. 

Pfliiger and Kupffer have since this shown that the relation 
between the hepatic cells and the bile-canaliculi is even more 
intimate, for they have demonstrated the existence of vacuoles in 
/the cells communicating by minute intracellular channels with the 
adjoining bile-canaliculi (fig. 542). It is important to notice that 
the bile-canaliculi are always separated by at least a portion of a 



Fig. 542.—Sketches illustrating the mode of commencement of the bile-canaliculi within 
the liver-cells (Heidenhain, after Kupffer). A, rabbit’s liver, injected from hepatic duct 
with Berlin blue. The intercellular canaliculi give off minute twigs which penetrate 
into the liver-oells, and there terminate in vacuole-like enlargements. B, frog’s liver 
naturally injected with sulph-indigotate of soda. A similar appearance is obtained, 
bijt the communicating twigs are ramified. 


cell from the nearest blood-capillaries, and that the formation of 
bile is no mere transudation from the blood or lymph. The live r- 
cells take certain materials from the lymph and elaborate the 
constituents of the bile, the bile-salts and tKe'Tnle pigments. 
There can b e no.doubt that these substances-are^ormed by the 
hepatic ceils, for they are not found in the blood-.nor-a n anv othe r 
or gan o r tissue; and after extirpation of the liver they do not 
accumulate in the blood. 

Intracellular canaliculi in the liver-cells are not unique. Becent 
research by Golgi’s method has shown that in the salivary and 
gastric glands, and in the pancreas* there is a similar condition of 
affairs. 

The Gall-bladder (g, b, fig. 535) is a pyriform bag, attached 
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to the under surface of thd liver, and supported also by the peri¬ 
toneum, which passes below it. The larger end or fundus, projects 
beyond the front margin of the liver; while the smaller eud 
contracts into the cystic duct. 

Structure .—The walls of the gall-bladder are constructed of 
three principal coats, (i) Externally (excepting that part which 
is in contact with the liver) is the serous coat, which has the same 
structure as the peritoneum with which it is continuous. Within 
this is (2) the fibrous or areolar coat, with which is mingled a 
considerable number of plain muscular fi bres, both lo ngitu dina l 
an d circula r. (3) JnterniHy"Jh.e gall-bladder iaTined hy muco us 
m embrane, an d a layer of c olum nar e pitheliu m. The surface of 
the mucous membrane presents to the naked eye a minutely 
honeycombed appearance from a number of tiny polygonal de¬ 
pressions with intervening ridges, by which its surface is mapped 
out. In the cystic duct the mucous membrane is raised up in 
the form of crescSfitic folds, which together appear like a spiral 
valve, and which assist the gall-bladder in retaining the bile 
during the interval of digestion. 

The gall-bladder and all the main biliary_ducts are provided 
with mucous glands, which open on the internal surface. 


Functions of the Liver, 

The functions of the liver are connected with the general^ 
metabolism of the body; these are especially in connection with 
the me tabolism of carbohydrates (glycogenic functio n); and in 
connection with the metabolism of nitrogenous material (forma¬ 
tion of ure a a nd, uric. acjci). ^THis second function we shall discuss 
with the urine. The third func tion is the formation of b ile, which 
must very largely be regarded as a subsidiary function, bile 
containing the waste products of the liver, the results of its other 
activities. This, however, it will be convenient to take first. 


Bile. 

Bile is the secretion of the liver which is poured infr) f.ha 
.duodenu m • it has been collected in living animals by means of a 
biliary fistula; the same operation has occasionally been performed 
in human beings. After death the gall-bladder yields a good 
supply of bile which is more concentrated than that obtained from 
a fistula. 

Bile is being continuously poured into the intestine, but there 

v v 2 
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is an increased discharge immediately on the .arrival of foo d i n 
the dmjdeirQm"7 there is a second increase in secretion ja few hours 
later.”. ~ 

Though the chief blood supply of the liver is by a vein (the 
portal vein), the amount of blood in the liver varies with its needs, 
being increased during the periods of digestion. This is due to 
the fact that in the area from which the portal vein collects blood 
•—stomach, intestine, spleen, and pancreas—the arterioles are all 
iilated, and the capillaries are thus gorged with blood. Further, 
he active peristalsis of the intestine and the pumping action of 
che spleen are additional factors in.driving more blood omvards to 
the liver. 

^ The bile being secreted from the p ortal blood is secreted at 
much lower pressurethaho'he~"fhidF in glands "w hose chief blood 
supply is arterial, such as the salivary glands. Heidenhain found 
that the pressure in the bile duct of the dog averaged is mm . of 
mercury, which is about double that in the portal vein. 

"Tire second increase in the flow of bile—that which occurs 
some hours after the arrival of the semi-digested food (chyme) in 
»the intestine—appears to be due to the effect of the digestive 
products carried by the blood to the liver, stimulating the hepatic 
cells to activity : this is supported by the fact that proteid_food 
increases the quantity of bile secreted, whereas fatty fobcTwhich 
is absorbed, not -by"the" portal vein, but by the lacteals, has no 
such effect. 

The chemical processes by which the constituents of the bile 
are formed are obscure. We, however, know that the bili ary 
pigment is p roduced by the decomposition of haemoglobin. Bili¬ 
rubin is, in fact, id entical wi th the iron-free deriva tive of hsemo - 
globpi Tailed hsematpidin, wlimliTs foiiird fri the form of crystals 
in~ST 3 blood-clots such as occur in the brain, after cerebral 
haemorrhage (see p. 591). 

An injection of haemoglobin into the portal vein or of substances 
like water which liberate haemoglobin from the red blood corpuscles 
produces an increase of bile pigment. If the spleen takes any 
part in the elaboration of bile.pigment, it does hot proceed so far 
as to liberate haemoglobin from the corpuscles. No free h«emo- 
globin is discoverable in the blood plasma in the splenic vein. 

The amount of bile secreted is differently estimated by different 
observers £ the amount secreted daily in man varies : from 500 c.c. 
to a litre,(i,oto6"cib.)r~ 

Th& 'oonilituents of the bile are the bile salts propel 
(taurocholate and glycochalate of soda), t he bil^ T pigments (bili¬ 
rubin. biliverdin). a mucinend substance. small quantities of✓ fats, 
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soaps, cholesterin, lecithin,' urea, and mineral, salts, of which 
sodium chloride and the phosphates of iron, calcium, and magne¬ 
sium are the most important. 

Bile is a yellowish, reddish-brown, or green fluid, according ta 
the relative preponderance of its two chief pigments. It has aj 
musk-like odour, a bitter-sweet taste, and a neutral or faintly 
alkaline reaction. 

The specific gravity...of h uman bi le from the gall-bladder is 
1026 to 1032 ; that from a fistula, 10x0 to ion. The greater 
concentration of gall-bladder bile is partly but not wholly ex¬ 
plained by the addition to it fy-om the walls of that cavity of the 
mucinoid material it secretes. 

The amount of solids in bladder bile is front o to u per cent ., 
in fistula bile from 1-5 to 3 per cent. The following table shows 
that this low percentage of solids is almost entirely due to want 
of bile salts. This can be accounted for in the way first suggested 
by Schiff—that there is normally a bile circulation going on in 
the bOfty> a l^rge quantity of the bile salts that pass into the 
intestine being first split up, then reabsorbed and again secreted. 
Such a circulation would obviously bo impossible in cases where 
all the bile is discharged to the exterior. 

The following table gives some important analyses of human 
bile :— 


Constituents. 

Fistula bile 
(healthy woman. 
Copeman and 
Winston). 

Fistula bile (ease 
of caneer. Yeo 
and Herroun), 

Norma) bile 
(Freriehs) . 

! ‘ 

Sodium glycocholate 

j- 0-6280 | 

0165 

} 914 

Sodium tauroeholate 

OO55 

i Cholesterin, lecithin, fat . 

0-0990 

0-038 

i-i g 

, Mucinoid material . 
i Pigment .... 

0-1725 

0-0725 

j- 0-148 

2 98 

I Inorganic salts 

! 

0 - 4 SIO 

0878 

078 

Total solids . .„ . 

1-4230 

1-284 

14-08 

Water (by difference) 

985570 

98716 

85-92 

i 

100-0000 

IOOOOO 

10000 


Bile Mucin. —There has be*en considerable diversity of opinion 
as to whether bile mucin is really mucin. The most recent work 
in Hammarsten’s laboratory shows that differences occur in 
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different animals. Thus in the ox there is very little true mucin, 
but a great amount of nxicleo-proteid; in human bile, on the 
other hand, there is very little if any nucleo-proteid : the mucino'id 
material present there is really mucin. 

The Bile Salts. —The bile contains the sodium salts of com¬ 
plex amido-acids called the bile acids. The two acids most 
frequently found are glycochol ic and taurocholic acid s. The 
former is the more abundant in the bile of man and herbivora ; 
the latter in carnivorous animals, like the dog. The most im¬ 
portant difference between the two acids is that taurocholic acid 
contains sulphur, glycocholic acid not. 

G-lycocholie acid O,.) is by the action of dilute acids 

and alkalis, and alsc in the intestine, hydrolysed and split into 
glycoeine or amid o-ace tjc acid and cholalic acid . 


C 2(! H,,NO (; + H 2 0 = C,H,NO 2 +(’ 21 H )0 O, 

[glycocholic acid ] [glycoeine] [cholalic acid] 


The glycoeholate of soda has the formula C^H^NaN O fi . 
Taurocholic acid (Co (l Hj_.N 0 7 S) similarly splits into taurine 01' 
amido-isethionic acid and cholalic acid. 


C 2fl H 15 N 0 7 S + H 2 0 = C 2 H 7 N( ) s S + C 2l H t0 (). 

[taurocholic acid] I taurine] [cholalic acidj 


The taurocholate of soda has the formula C 2 „H 41 NaN 0 7 S. 

The colour reaction called Pettenkofer’s reaction, is due to 
the presence of cholalic acid. Small quantifies of cane sugar 
and strong sulphuric acid are added to the bile. The sulphuric 
acid acting on sugar forms a small quantity of a substance called 
furfvraldehyde, in addition to other products. The furfuralde- 
liyde gives a brilliant purple colour with cholalic acid. 

The Bile Pigments. —The two chief bile pigments are bili¬ 
rubin and biliverdiq . Bile, which contains chiefly the former 
~(sucli as dog’s bile) is of a golden or orange-y ellow col our, while 
the bile of many herbivora, which contains chiefly biliverdin. is 
either jgr een or bluish g ree n. Human bile is generally described 
as containing chiefly bilirubin, but there have been some cases 
described in which biliverdin was in excess. The bile pigm ents 
show no absorption bands with the spectros cope ; their origin from 
the blood pigment ha§liheady heen ¥tated 7 ^^ i l ^ r i>( 

Bilirubin has the formula C 16 9 18 N 2 0 3 : it is thmTan jrpn-free 
derivativ e of htemnglnbin. The iron is apparently stored up in 
the liver cells, perhaps for future use in the manufacture of new 
-haimoglobin. The bile contains only a trace of iron. 
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Biliverdin has the fornfula C 16 H 18 N 2 0 4 (i.e. one atom of oxygen 
more than in bilirubin) : it may o c cur as su ch in bil e; it may be 
formed by simply exposing red bile to the oxidising action of the 
atmosphere; or it may be formed as in Gmelin’s test by the more 
vigorous oxidation produced by fuming nitric acid. 

Gmelin’s test consists in a play of colours—green, blue, red, 
and finally yellow, produced by the oxidising action of fuming 
nitric acid (that is, nitric acid containing nitrous acid in solution). 
The end or yellow product is called choletelin , C 1G H 18 N 2 O fl . 

Hydrobilirubin .—If a solution of bilirubin or biliverdin in 
dilute alkali is treated wit]i sodium amalgam or allowed to 
putrefy, a brownish pigment is formed called hvdrobilirubin . 
CAN 4 0 , With the spectroscope it shows a dark absorption 
band between b and F, and a fainter band in the region of the 
I) line. 

The interest of this substance arises from the fact that many 
physiologists believe it is identical with stercobilm, the pigment of 
the fajees, and, according to some, with urobilin, one of the pig¬ 
ments of the urine. There are, however, certain differences (of 
solubility, spectroscopic appearances, &c.) which show that the 
three pigments, though probably closely related, are not abso-, 
lutely identical. 

Cholesterin. —This substance is contained not only in bile, but 
very largely in nervous tissues? - * Xike lecithin, it is an'abundant 
constituent of the white substance of Schwann. It is found also 
in blood corpuscles. In bile it is normally present in small 
quantities only,' but it may occur in excess, and form the concre¬ 
tions known as gallstones, which are generally more or less tinged 
with bilirubin. 

Though its solubilities remind one of a fat, cholesterin is not a 
fat. It is, in fact, chemically speaking, a monatomic'alcohol. Its 
formula is 

From alcohol or ether containing water it crystallises in the 
form of rhombic tables, which contain one molecule of water of 
crystallisation: these are easily recognised under the microscope 
(see fig. 543). 

It gives the following colour tests :— 

1. With iodine and concentrated sulphuric acid the crystals 
give a play of red, blue, and green. 

2. Heated with sulphuric acid and water (5:1) the edges of 
the crystals turn red. 

3. A solution of cholesterin in chloroform, shaken with an equal 
amount of concentrated sulphuric acid, turns red, and ultimately 
purple, the subjacent acid acquiring a green fluorescence. 
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“The mode of origin of eholesterih in the body has not been 
clearly made out. Whether it is form ed in the tissues, generall y. 
in__the_blood, or in the liver, is no t known; not has it been de¬ 
termined conclusively that it is derived from album inous or. 
ne rvo us .matter. It is also doubtful if we are to regarcT’rt as a 
waste substance of no use to the body, as its presence in the 
blood-corpuscles, in nervous matter, in the egg, and in vegetable 

grains, points to a possible func¬ 
tion of a histogenetic or tissue¬ 
forming character.” (McKen- 
drigk.) 

A substance called i&o-choU- 
sterin, isomeric with ordinary 
cholesterin, is found in the fatty 
secretion of the skin (sebum) ; it 
is largely contained in the pre¬ 
paration called lanoline made 
from sheep’s-wool fat. It does 
not give Salkowski’s reaction 

FiK-543' —Crystalline scales of cholesterin. "’itlf chloroform and sulphuric 

acid just described. 

The Uses of Bile. —One of the most remarkable facts con¬ 
cerning the bile is its apparently small use in the digestion of 
food. It is doubtless, to a large extent, excretory. Some state 
tha t it has a slight jaction - on. fats and ca rbohydrate^ but " it 
appears to be rather a coadjutor to the pancreatic juice (especially 
in the digestion of fat) than to have any independent digestive 
activity. 

Bile is said to be a natural antiseptic, lessening the putrefactive 
processes iij.the ..intestine^ This is also very doubtful. Though 
the b*ile salts are weak antiseptics, the bile itself is readily 
putrescible, and the power it has of diminishing putrescence in 
the intestine is due chiefly to the fact that by^ increasing absorp¬ 
tion it lessens the amount of putrescible matter in tlieTbCWelr 

When the bile meets the chyme the turbidity of the latter isi 
increased owing to the precipitation of unpeptonised proteidJ 
This is an action due to the bile salts, and it has been surmised 
that this conversion of the chyme into a more viscid mass is to 
hinder somewhat its progress through the intestines; it clings to 
the intestinal wall, thus allowing absorption to take place. 

Bile is alka line; it therefore assists in the pancreatic juice in 
neilSfalisingSL^axiid mixture that leaves the stomach. 

Bile a ssists in the absorption piiats, as we shall see in studying 
that subject. 
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We have seen that fistula bile is poor in solids as compared 
with normal bile, and that this is explained on the supposition 
that the normal bile circulation is not occurring—the liver cannot 
excret e wh at,it.does nofe receive book-froffirtBelntestine. Schiff 
was'the first to show that if the bile is led back into the duo¬ 
denum, or even if the animal is fed on bile, the, .percentage- of. 
soli ds in the bile excreted is at once raised. It is on these ex¬ 
periments that the theory of a bile circulation is mainly founded. 
The bile circulation relates, however, chiefly, if not entirely, to 
the bile salts: they are found but sparingly in the faeces; they 
are only represented to a slight extent in the urine : hence it is 
calculated tl;at seven-eighths of them are re-absorbed from the 
intestine. Small quantities of cholalic acid, taurine, and glycocine 
are found in the faeces ; the greater part of these products of the. 
decomposition of the bile salts is taken by the portal vein to thei 
liver, where they are once more synthetised into the bile salts. ' 
Some of the taurine is absorbed and excreted as tauro-carbamic! 
acid in the urine. Some of the absorbed glycocine may be ex-j 
creted as urea or uric acid. The cholesterin and mucus are found; 
in the fieces; the pigment is changed into stercobilin, a substancej 
like hydrobilirubin. Some of the stercobilin is absorbed, and; 
leaves the body as the urinary pigment, urobilin. 

The bile-expelling mechanism must be carefully distin¬ 
guished from the bile-secreting action of the liver-cells. The bile 
is forced into the ducts, and ultimately into the duodenum, by 
the pressure of newly-formed bile pressing on that previously in 
the ducts, and this is assisted by the contraction of the plain 
muscular fibres of the larger ducts and gall-bladder, which occurs 
reflexly when the food enters the duodenum. In cases of obstruc¬ 
tion, as by a gall-stone, in the ducts, this action becomes excessive, 
and gives rise to the intense pain known as hepatic colic. 

Many so-called cholagogues (bile-drivers), like calomel, act on the 
bile-expelling mechanism and increase the peristalsis of the mug- 
" cular tissue; they do not really cause an increased formation of bile. 

Jaundice. —The commonest form of jaundice is produced by 
obstruction in the bile ducts preventing the bile entering the 
intestine. A very small amount of obstruction, for instance, a 
plug of mucus produced in excess owing to inflammatory processes, 
will often be sufficient, as the bile is secreted at such low pressure. 
Under these circumstauces, the fteces are whitish or clay coloured, 
and the bile passing backward^ into the lymph,* enters the blood 

* The absorption is by the lymph, because if jaundice be produced in an 
animal by ligature of the bile duct, it will cease when the thoracic duct is 
tied. 
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and is thus distributed over the body, causing a yellow tint in the 
skin and mucous membranes, and colours the urine deeply. 

In some cases of jaundice, however (e.g. produced by various 
poisons), there is no obvious obstruction; the causes of non¬ 
obstructive, or blood-jaundice, fora* a pathological problem of 
some interest. Until quite recently it was believed that the bile 
pigment was actually produced in the blood. But all recent work 
shows that the liver is the only place where production of bile 
occurs, and that in all cases of so-called non-obstructive jaundice, 
the bile is absorbed from the liver. There may be obstruction 
present in the smaller ducts, or the„funetions of the liver may be 
so upset that the bile passes into the lymph even when there is 
no obstruction. 

The Glycogenic Function of the Liver. 

The important fact that the liver normally forms sugar, or a 
substance readily convertible into it, was discovered by Claude 
Bernard in the following way : he fed a dog for seven days with 
food containing a large quantity of sugar and starch; and, as 
might be expected, found sugar in both the portal and hepatic- 
blood. But when this dog was fed with meat only, to his sur¬ 
prise, sugar was still found in the blood of the hepatic veins, 
liepeated experiments gave invariably the same result; no sugar 
was found, under a meat diet, in the portal vein, if care were 
taken, by applying a ligature'on it at the transverse fissure, to 
prevent reflux of blood from the hepatic venous system. Bernard 
found sugar' also in the substance of the liver. It thus seemed 
certain that the liver formed s ugar, even when, from the absence 
of saccharine and amyloid matters in the food, none could have 
been brought directly to it from the stomach or intestines. 

Bernard found, subsequently to the before-mentioned experi¬ 
ments, that a liver, removed from the body, and from which all 
sugar had been completely washed away by injecting a stream of 
water through its blood-vessels, after the lapse of a few r hours, 
contained sugar in abundance. This post-mortem production of 
sugar was a fact which could only be explained on the supposition 
that the liver contained a substance readily convertible into sugar; 
and this theory was proved correct by the discovery of a substance 
in the liver allied to starch, and now termed glycogen. 

We may believe that glycogen is first formed and stored in the 
liver cells, and that the sugar, when present, is the 'result of its 
transformation. 

Source of Glycogen .—Although the greatest amount of glycogen 
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is produced by the liver upon a diet of starch or sugar, a certain 
quantity is produced upon a proteid diet. It must, then, be pro- 
duced J hvL protoplasmic, activity withi n the cells. The glycogen 
when stored in the liver cells may readily be demonstrated in 
sections of liver containing it by its reaction f red or port-wine 
.col our) with iodine, and moreover, when the hardened sections are 
so treated that the glycogen is dissolved out, the protoplasm of 
the cell is so vacuolated as to appear little more than a frame¬ 
work. There is no doubt that in the liver of a hibernating frog 
the amount of glycogen stored up in the outer parts of the liver 
cells is very considerable. 

Average Amount of Glycogen in the Liver of Dogs under •various 

Diets (I’avy). 

Diet. Amount of Glycogen in Liver. 

Animal food . . . . . . 7-19 per cent. 

Animal food with sugar (about lb. of sugar daily) 14-5 ,, 

Vegetable diet (potatoes, with bread or barley-meal) 17*23 „ 

The dependence of the formation of glycogen on the kind of 
food taken is also well shown by the following results, obtained 
by the same experimenter:— 

Average Quantity of Glycogen found in the Liver of Rabbits after 
Fasting, and after a Diet of Starch and Sugar respectively. 

Average amount of Glycogen in Liver. 

After fasting for three days . . Practically absent. 

,, diet of starch and grape-sugar . 15*4 per cent. 

„ „ cane-sugar . . . 16*9 ,, 

Glycogen is also formed on a gela tin d iet, but fats taken in as 
food do not increase its amount m the cells. The diet most 
favourable to the production of a large amount of g lycogen is a 
mixed diet containing. a .large amount of carbo-hydrate, but wi£IT 
some proteid. Glycerin injected into the alimentary canal may 
also increase the glycogen of the liver. 

Destination of Glycogen. —There are two chief theories as to 
the destination of hepatic glycogen.- (r.) That the glycogen is 
converted into sugar during life by the agency of a ferment (livtr 
diastase ) also formed in the liver ; and that the sugar is conveyed 
away by the blood of the hepatic veins, to undergo combustion in 
the tissues. (2.) That the conversion into sugar only occurs 
after death, and that during life no sugar exists in healthy livers; 
glycogen not undergoing this transformation. 
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The first view is that of Claude.,^Bernard. and has been adopted 
by the majority of physiologists. The second view is that of Dr. 
Eavy-,--he denies that the liver is a sugar-forming organ, Tie 
regards it as a snp-nr-rlpstrnyinfy organ ; the sugar is stored as 
animal starch, but never again leaves the liver as sugar during 
life. He has been unable to find more sugar in the hepatic blood 
than in the portal blood. Other observers have found an increase 
in the sugar of the blood leaving the liver, but the estimation of 
sugar in a fluid rich in proteids, as is the blood, is a matter of 
great difficulty. Even if the increase is so small as hardly to be 
detected, it must be remembered tha£ the whole blood of the body 
passes through the liver about twice a minute, so that a very 
small increase each time would mount up to a large total. 

Pavy further denies that the post-mortem formation of sugar 
from glycogen that occurs in an excised liver is a true picture of 
what occurs during life, but is due to a ferment which is only 
formed after death. During life, he regards th e glycogen as a 
source of other substances, like fat and proteid. ft is certainly a 
fact that increase of carbohydrate^food leads to the formation of 
fat in the body and in the liver-cells. In support of the theory 
that glycogen may also lead to the formation of proteids, he has 
shown that these substances contain a carbohydrate radicle. 

The whole question is in a very unsettled state, and is under 
keen discussion at present. We may state, however, that the 
prevalent opinion is that the liver-cells may be able to convert 
part of the store of glycogen into fat, but that most of thq 
glycogen leaves the liver as sugar, so justifying the name (literally, 
mother substance of sugar) given to it by Bernard. 

Carbohydrate metabolism is thus a series of hydrations and 
dehydrations before combustion finally occurs. Starch is first 
hydrated in the alimentary canal to form sugar. This passes to 
|the liver, where it is dehydrated to form glycogen, or animal 
starch; and finally hydrated once more to pass to the tissues as 
sugar, where it undergoes combustion. 

Diabetes.— In certain disorders of hepatic metabolism, the 
glycogenic function is upset, and excess of sugar passes into the 
blood, leaving the body in the urine ( glycosuria ). This may be 
due to an increased formation of sugar from glycogen, or to a 
diminished formation of glycogen from the sugar of the portal 
blood, according as either Bernard’s or Pavy’s view of the liver 
function is adopted. In many casep the diabetic condition may 
be removed by a close attention to diet; starchy and saccharin e 
food mus t he-rigi41y- abstained from. 

Ill other cases, which are much more serious, diet makes little 
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or no difference. Under these circumstances the sugar must come 
from the metabolism of .the proteid constituents of protoplasm. 

The disease diabetes is not a single one; the term includes 
many pathological conditions, which all possess in common the 
symptom of excess of sugar in the blood and urine. 

A diabetic condition may be produced in animals artificially in 
several ways:— 

(1) By diabetic punctxire .—Claude Bernard was the first to 
show that injury to the floor of the fourth ventricle in the region 
piths..vaso'-motor centre leads to glycosuria. The injury produces 
a disturbance of the vaso-motor mechanism, but the special result 
of diabetes cannot be regarded as purely vaso-motor in origin. 

This condition is of interest, because brain disease in man, 
especially in the region of the bulb, is frequently associated with 
glycosuria. 

(2) By extirpation of the pancreas .—This is alluded to on 
p. 652. 

(3) By administration of phloridzin .—Many poisons produce 
temporary glycosuria, but the most interesting and powerful of 
these is phloridzin. The diabetes produced is very intense. 
Phloridzin is a glucoside, but the sugar passed in the urine is too 
great to be accounted for- by the small amount of sugar derivable 
from the drug. Besides that, phloretin, a derivative of phloridzin, 
free from sugar, produces the same results. 

Phloridzin produces diabetes in starved animals, or in those in 
which any carbohydrate store must have been got rid of by the 
previous administration of. the same drug. Phloridzin-diabetes is 
therefore analogous to those intense forms of diabetes in man in 
which the sugar must be derived from protoplasmic metabolism. 

Acetoneemia. —Death in diabetic patients is usually preceded 
by deep coma, or unconsciousness. Some poison must be pro¬ 
duced that acts soporifically upon the brain. The breath and 
urine of these patients smell strongly of acetone ; hence the 
term acetonoem ia. This apple-like smell should always suggest 
the possible onset of coma and death, but it is exceedingly 
doubtful whether acetone (which can certainly be detected in the 
urine) is the true poison; ethyl-diacetic acid, which accompanies, 
and is the Bource of the acetone, is regarded • by some as the 
actual poison, but these substances, when introduced into the 
circulation artificially, do not cause serious symptoms. The 
actual: poison is a, matter of ; doubt; the idea most in vogue at 
present is that, it is hydroxy butyric acid, which is discoverable in 
the blood, and urine of the patients trho die from so-oalled 
acetonemia. 
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CHAPTER XLIX. 

THE ABSOEPTION OF FOOD. 

Food is digested in order that it may be absorbed. It is 
absorbed in order that it may be assimilated, that is, become an 
integral part of the living material of the body. 

The digested food thus diminishes in quantity as it passes 
along the alimentary canal, and the t fseces contain the undigested 
or indigestible residue. 

In the mouth and oesophagus the thickness of the epithelium 
and the quick passage of the food through these parts reduce 
absorption to a minimum. Absorption takes place rapidly in the 
stomach : the small intestine with its folds and villi to increase 
its surface is, however, the great place for absorption; and 
although the villi are absent from the large intestine, absorption 
occurs there also, but to a less extent. 

Foods such as water and solu ble salts like sodium chloride are 
absorbed,unchanged. The "organic foods are, however, consider¬ 
ably changed, colloid materials like starch and proteid being 
converted respectively into the diffusible materials sugar and 
peptone. 

There are two cha nnels of absorption, the blood-v essels (portal 
capillaries) and the lymphatic vessels or laeteals. 

Absorption, however, is no mere physical process of diffusion 
and filtration. We must also take into account the fact that the 
cells through which the absorbed substances pass are living, and 
in virtue of their vital activity not only select materials for 
absorption, but also change those substances while in contact 
with them. These cells are of two kinds—(1) the colu mnar 
e pitheliu m that covers the surface; and (2) the lymph ceils in 
the lymphoid tissues beneath. It is now generally accepted that 
of the two the 'Former, the columnar epithelium, is the more 
important. 

Absorption of Carbohydrates.—Though the sugar formed 
from starch by ptyalin and amylopsin is maltose, that found in 
the blood is glucose. Under normal circumstances little if any 
is absorbed by the lacteals. T^e glucose is formed from the 
maltose by the succqs _enteri cu b. aided by the action of the 
epithelial cells through which it passes. Cane sugar and milk 
sugar are also converted into glucose before absolution. 

The carbohydrate food which enters the blood as glucose is 
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taken to the liver, and there, stored.up in the form of glycogen— 
a reserve store of carbohydrate material foFTRe Tuttire needs of 
the body. Glycogen, however, is found in animals who take no 
carbohydrate food. It must, then, be formed by the proto- 
plasraic.Activity jof the liver cells from their proteid constituents. 
The glycogenic functibn of the livef is discussed in the chapter 
preceding this. Glucose is th e only sugar fr om whic h the liver 
is capable of form in^glyco'gehu If btHef c^rboh^Ir^eiTike cane 
sugarorTactose are^njectedT into the blood-stream direct, they 
are unaltered by the liver, and finally leave the body by the 
urine. 

Absorption of Proteids. —A certain amoun t of solub le 
prot eid is abso rbed. unchanged. Thus, after taking a large 
number of eggs, egg albumin is found in the urine. Patients fed 
per rectum derive nourishment from proteid food, though proteo¬ 
lytic ferments are not present in this part of the intestine. 

Most proteid, however, is normally absorbed as peptone and 
proteose (albumose). Peptones and proteoses are absent from 
the blood under all circumstances, even from the portal blood 
during the most active digestion. In other words, during absorp¬ 
tion the epithelial cells change the products of proteolysis 
(peptones and proteoses) back once more into native proteids 
(albumin and globulin). 

The greater part of the proteid absorbedjaasses into the blood : 
a little Into the lymph* vessels also ; bu t th is undergoes~the same 
change. ' * “ 

When peptone (using the word to include the proteoses also) 
is. injected into the blood stream, poisonous effects are produced, 
the coa gulabili ty o f the blood is lessened, the blood pressure falls, 
secretion ceases , and liT”tKe~cT6g 0*3 grammeof fr pep'ton’e" ,T ~per 
kilogramme of body weight is sufficient to kill the animal. 

The epithelial cell s o f the alimentary ca nal thus pr ot ect us 
from those!. pbiscmou feH ects igr converting th e harmful peptone 
mt^ ,tkflLw aefal a&junin. 

Absorption of Fats. —The fats undergo^ in the intestine two 
changes: one a physical-change ieaa iilsification l. the other a 
chemical change (saponification !. The lymphatic vessels are the 
great channels for fat absorption, and their name, lacteals, if 
derived from the milk-like appearance of their contents (chyle) 
during the absorption of fat. ^ 

The way in which the minute fat globules pass from the 
intestine into the lacteals hefs been the subject of much contro 
versy. The course they take may be studied by killing animalf 
at varying periods after a meal of fat, and making osmic acic 
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microscopic preparations of the villi. Figs. 544 and 545 illustrate 
the appearances observed by Professor Schafer. 

The columnar epithelium cells become first filled with fatty 
globules of varying size, which are generally larger near the free 
border. The globules pass down the cells, the larger ones 
breaking up into smaller ones during the journey: they are then 



Fig, 544.—Section of the villuH of a rat killed during fat absorption, ep, epithelium ; 
str, striated border ; c, lymph-cells ; c', lymph-cells in the epithelium ; l, central lacteal 
containing disintegrating lymph-corpuscles. (E. A. Schiifer. ) 


transferred to the amoeboid cells of the lymphoid tissue beneath : 
lese ultimately penetrate into the central lacteal, where they 
Either disintegrate or discharge their cargo into the lymph 
fcream. The globules are, by this time divided into immeasurably 
ill ones, the molecular basis of*chyle. The chyle enters the 
blood stream by the thoracic duct, and after an abundant fatty 
meal the blood plasma is quite milky; the fat droplets are so 
small that they circulate without hindrance through the capil¬ 
laries. The fat in th^ ^jnnr 1 "*+'**-a m 1in 

in' the cqHflnP* adijaagfl trinmif T * .'">»• 

mind that the fat of the body is not exclusively de¬ 
rived from ;the fat of the food, but it may originate also both from 
proteid and from carbohydrate. , = 



CH. XLIX.] ABSOKPTION OF FATS. 673 

The great difficulty in fat absorption is how the fat first gets 
into. the columnar epithelium : these cells will not take up other 
particles, and it appears certain that the epithelial cells do not in 
the higher animals protrude pseudopodia from their borders. 
This, however, does occur in the endoderm of some of the lower 
invertebrates. 

Recent research has shown that particles may be present in 
the epithelium and lymphoid cells while no fat is being absorbed. 
These particles are apparently 
protoplasmic in nature, as 
they stain with reagents that, 
stain protoplasmic granules ; 
they however also stain darkly 
with osmic acid, and so are 
apt to be mistaken for fat. it 
also appe ars that the epithelial 
cells have the power of form¬ 
ing fat out of the fatty acids 
and glycerine into which they 
have been broken up in the 
intestine. Munk , who has 
performed a*1!ffge number of 
experiments on the subject, 
considers that the splitting of fats into glycerine and fatty acids 
occurs to a much greater extent than is generally supposed; that i 
these substances being soluble pass readily into the epithelium 
cells ; and that these cells perform the synthetic act of building 
them into fat once more, the fat so formed appearing in the form 
of small globules, surrounding or becoming mixed with the proto¬ 
plasmic granules that are ordinarily present. Another remark¬ 
able fact recently made out is that after feeding an animal on 
fatty acids the chyle contains fat. The necessary glycerine must 
have been formed by protoplasmic activity during absorption. 
M unk’s views, however, require confirmation before they can 
be fully accepted. % 

The role played by bile in aiding the absorption of fat 
must also be regarded as unsettled, but the chief fact in 
favour of the view that bile assists fat absorption is the 
following:—One of the chief properties of bile salts is the power 
they.qaogge gs of - reducing-the surface tension, of .water when they 
pass into solution. It may ]pe that this reduction of surface 
tension of the film of water between the oil globule and the 
epithelium cell enables the latter to take up the fat more readily. 
In cases of disease in which bile is absent from the intestines, 
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a large proportion of the fat in 'the food passes into the 
faeces. 

The faeces are alkaline in reaction, and contain the following 
substances :— 

r. Water: in health from 68 to 82 percent.; in diarrhoea it 
is more abundant still. 

2. Undigested food; that is, if food is taken in excess, some 
escapes the action of the digestive juices. On a moderate diet 
unaltered proteid is never found. 

3. Indigestible constituents of the food : eellulose, keratin, 
mucin, chlorophyll, gums, resins, cfyolesterin. 

4. Constituents digestible with difficulty: uncooked starch, 
tendons, elastin, various phosphates, and other salts of the alka¬ 
line earths. 

5. Products of decomposition of the food : indole, skatole, 
phenol, acids such as fatty acids, lactic acid, &c. ; hasmatin from 
haemoglobin; insoluble soaps like those of calcium and mag¬ 
nesium. 

6. Bacteria of all sorts and debris from the intestinal wall; 
cells, nuclei, mucus, &c. 

7. Bile residues: mucus, cholesterin, traces of bile acids and 
their products of decomposition, stercobilin from the bile pig¬ 
ment. 

The average quantity of solid faecal matter passed by the 
human adult per diem is 6 to 8 ounces. 

Meconium is the name given to the greenish-black contents of 
the intestine of new-born children. It is chiefly concentrated 
bile, with debris from the intestinal wall.. The pigment is a 
mixture of bilirubin and biliverdin, not stercobilin. 


CHAPTER L. 

THE MECHANICAL PROCESSES OP DIGESTION. 

Under this head we shall study the muscular movements of 
the alimentary canal, which have for their object the onward 
movements of the food, and its . thorough admixture with the 
digestive juices. We shall therefore have to consider mastication, 
deglutition, the movements of the stomach and intestines, and 
the acts of defeecation, and vomiting. 
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Mastication. 

The act of chewing, or mastication, is performed by the biting 
and grinding movement of the lower range of teeth against the 
upper. The simultaneous movements of the tongue and cheeks 
assist partly by crushing the softer portions of the food against 
the hard palate and gums, and thus supplementing the action of 
the teeth, and partly by returning the morsels of food to the 
action of the teeth, again and again, as they are squeezed out 
from between them, until they, have been sufficiently chewed. 

The act of mastication is much assisted by the saliva, and the 
intimate incorporation of this secretion with the food is called 
insalivatio n. 

Mastication is much more thoroughly performed by some 
animals than by others. Thus, dogs hardly chew their food at 
all, but t,he (esophagus is protected from abrasion by a thick 
coating of very viscid saliva which lubricates the pieces of rough 
food. 

In vegetable feeders, on the other hand, insalivation is a much 
more important process. This is especially so in the ruminants ; 
in these animals, the grass, &c. taken, is hurriedly swallowed, 
and passes into the first compartment of their four-chambered 
stomach. Later on, it is returned to the mouth in small instal¬ 
ments for thorough mastication and insalivation ; it is then once 
more swallowed and passes on to the digestive regions of the 
stomach. This is the act of rumination or “ chewing the cud.” 

In man, mastication is also an important process, and in people 
who have lost their teeth severe dyspepsia is often produced, and 
can be cured by a new set of teeth. 

Deglutition. 

When properly masticated, the food is transmitted in successive 
portions to the stomach by the act of deglutition or swallow¬ 
ing. This, for the purpose of description, may be divided into 
three acts. In the first, particles of food collected as a bolus are 
made to glide between the surface of the tongue and the palatine 
arch, till they have gassed the anterior arch .of the fau ces ; in the 
second, the morsel is carried through the pharynx; and in the 
third, it reaches the stomach ^through the oesophagus. These 
three acts follow each other rapidly. (1.) The first act is 
voluntary, although it is usually performed unconsciously; the 
morsel of food, when sufficiently masticated, being pressed between 

x x 2 
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the tongue and palate, by the agency of the muscles of the former,, 
in such a manner as to force it back to the entrance of the 
pharynx. (2.) The second act is the most complicated, because 
the food must pass by the posterior orifice of the nose and the 
upper opening of the larynx without touching them. When it 
has been brought, by the first act, between the anterior arches of 
the palate, it is moved onwards by the movement of the tongue 
backwards, and by the muscles of the anterior arches contracting 
on it and then behind it. The root of the tongue being retracted, 
and the larynx being raised with the pharynx and carried for¬ 
wards under the base of the tongue, the epiglottis is pressed over 
the upper opening of the larynx, and the morsel glides past it; 
the closure of the glottis being additionally secured by the simul¬ 
taneous contraction of its own muscles : so that, even when the 
epiglottis is destroyed, there is little danger of food or drink pass¬ 
ing into the larynx so long as its muscles can act freely. In man, 
and some other animals, the epiglottis is not drawn as a lid 
over the larynx during swallowing. At the same time, the raising 
of the soft palate, so that its posterior edge touches the back 
part of the pharynx, and the approximation of the sides 
of the posterior palatine arch, which move quickly inw T ards 
like side curtains, close the passage into the upper part of 
the pharynx and the posterior nares, and form an inclined plane, 
along the under surface of which the morsel descends ; then the 
pharynx,, raised up to receive it, in its turn contracts, and forces 
it onwards into the oesophagus. The passage of the bolus of food 
through the three constrictors of the pharynx is the last step 
in this stage. (3.) In the third act, in which the food passes 
through the oesophagus, every part of that tube, as it receives the 
morsel and is dilated by it, is stimulated to contract: hence an 
undulatory or peristaltic contraction of the oesophagus, which is 
easily observable through the skin in long-necked animals like the 
swan. 

If we suppose the bolus to be at one particular place in the 
tube, it acts stimulatingly in the circular muscular -fibres behind 
it, and inhibitingly on those in front; the contraction therefore 
squeezes it into the dilated portion of the tube in front, where 
the same process is repeated, and this travels along the whole 
length of the tube. 

Thfie second and third parts of the act of deglutitiqn are in¬ 
voluntary. 

Nervous Mechanism .—The nerves engaged in the reflex act of 
deglutition are :—flffwmr^.hranpihps nf the fifth cerebral supply ing 
t he soft p alate; gl osso-pharyngea l, supplying the tongue and 
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pharynx; the supe rior laryngeal branch of the .vagus, supplying 
the epiglottis and the glottis; while the motor fibres concerned 
are :—branches of the fifth, supplying part of the digastric and 
mylo-hyoid muscles, and the muscles of mastication; the facial, 
supplying the levator palati; the glosso-pharyngeal, supplying the 
muscles of the pharynx; the vagus, supplying the muscles of the 
larynx through the inferior laryngeal branch, and the hypoglossal, 
the muscles of the tongue. The nerve-centre by which the 
muscles are harmonised in their action, is situated in the. medulla 
ob longat a. In the movements of the oesophagus, the ganglia con¬ 
tained in its walls, with tike pneumo-gastrics, are the nerve- 
structures concerned. Division of both pneumogas tric nerves 
gives rise to paralysis of the oesophagus and stomach, and firm 
contraction of the cardiac orifice. These nerves therefore nor¬ 
mally supply the oesophagus with motor, and the cardiac orifice 
with inhibitory fibres. If food is swallowed after these nerves 
are divided, it accumulates in the gullet and never reaches the 
stomach. 

I11 discussing peristalsis on previous occasions (p. 158), we 
have arrived at the conclusion that it is an inherent property of 
muscle rather than of nerve ; though normally it is controlled 
and influenced by nervous agency. This nervous control is 
especially marked in the oesophagus ; for if that tube is divided 
across, leaving the nerve branches intact, a wave of contraction 
will travel from one end to the other across the cut. 

Swallowing of Fluids.—We must next note that the swallow¬ 
ing both of food and drink is a muscular act, and can, therefore, 
take place in opposition to the force of gravity. Thus, horses 
and many other animals habitually drink up-hill, and the same 
feat can be performed by jugglers. . 

Under ordinary circumstances, however, the swallowing of 
fluids is differently produced from what we have already de¬ 
scribed : the division of the act of deglutition into three stages 
is true for the swallowing of solids only. This has been shown 
by Kronecker. 

In swallowing liquids the two myla-hy.oid-muscles form a 
diaphragm, which pulls, the root of tlm tongue, upwards and back¬ 
wards ; the two hyp-glossi act jwith. these,, pulling, the-tongue 
backwards and downwards. The action of these four muscles 
resemblfes that of a force-pump projecting the mass of fluid down 
into this oesophagus ; it reaches the cardiac orifice with great 
speed) and the pharyngeal and oesophageal muscles do not contract 
on it at all, but are inhibited during the passage of the fluid 
through them. 
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This is proved in a striking way in cases of poisoning by 
corrosive substances like oil of vitriol; the mouth and tongue are 
scarred and burnt, but the pharynx and oesophagus escape serious 
injury, so rapidly does the fluid pass along them; the cardiac 
orifice of the stomach is the next place to show the effects of the 
corrosive. 

There is, however, no hard-and-fast line between the swallowing 
of solids and fluids: the more liquid the food is, the more does 
the force-pump action just described manifest itself. 

Movements of the Stomach. 

The gastric fluid is assisted in accomplishing its share in 
digestion by the movements of the stomach. In granivorous 
birds, for example, the contraction of the strong muscular gizzard 
affords a necessary aid to digestion, by grinding and triturating 
the hard seeds which constitute their food. But in the stomachs 
of man and other Mammalia the movements of the muscular coat 
are too feeble to exercise any such mechanical force on the food ; 
neither are they needed, for mastication has already done the 
mechanical work of a gizzard; and experiments have demonstrated 
that substances are digested oven enclosed in perforated tubes, 
and consequently protected from mechanical influence. 

The normal actions of the muscular fibres of the human 
stomach appear to have a three-fold purpose: (1) to adapt the 
stomach to the quantity of food in it, so that its walls may be in 
contact with the food on all sides, and, at the same time, may 
exercise a certain amount of compression upon it; (2) to keep 
the orifices of the stomach closed until the food is digested; and 
(3) to perform certain peristaltic movements, whereby the food, 
as it becomes ehymified, is gradually propelled towards, and 
ultimately through, the pylorus. In accomplishing this latter 
jend, the movements without doubt materially contribute towards 
^effecting a thorough intermingling of the food and the gastric 
fluid. 

When digestion is not going on, the stomach is uniformly con¬ 
tracted, its orifices not more firmly than the rest of its walls; but, 
if examined shortly after the introduction of food, it is found 
closely encircling its contents, and its orifices are firmly closed 
like sphincters. The cardiac orifice, every time food is swallowed, 
opens to admit its passage to the stomach, and immediately again 
closes. The pyloric orifice, during the first part of gastric diges¬ 
tion, is usually so completely closed, that even when the stomach 
is separated from the intestines, none of its contents escape. 
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But towards the termination of the digestive process, the 
pylorus offers less resistance to the passage of substances from 
the stomach; first it yields to allow the successively digested 
portions to go through it; and then it allows the transit of even 
undigested substances. It appears that food, so soon as it enters 
the stomach, is subjected to a kind of peristaltic action of the 
muscular coat, whereby the digested portions are gradually moved 
towards the pylorus. The movements are observed to increase 
in rapidity as the process of chymifieatiott advances, and are 
continued until it is completed. 

The contraction of the’ fibses situated towards the pyloric end 
of the stomach seems to be more energetic and more decidedly 
peristaltic than those of the cardiac portion. Thus, it was found 
in the case of St. Martin, that when the bulb of the thermometer 
was placed about three inches from the pylorus, through the 
gastric fistula, it was tightly embraced from time to time, and 
drawn towards the pyloric orifice for a distance of three or four 
inches. The object of this movement appears to be, as just said, 
to carry the food towards the pylorus as fast as it is formed into 
chyme, and to propel the chyme into the duodenum; the un¬ 
digested portions of food being kept back until they are also 
reduced into chyme, or until all that is digestible has passed out. 
The action of these fibres is often seen in the contracted state of 
the pyloric portion of the stomach after death, when it alone is 
contracted and firm, while the cardiac portion forms a dilated 
sac. Sometimes, by a predominant action of strong circular fibres 
placed between the cardia and pylorus, the two portions, or ends 
as they are called, of the stomach, are partially separated from 
each other by a kind of hour-glass contraction. By means of 
the peristaltic action of the muscular coats of the stomach, not 
merely is chymified food gradually propelled through the pylorus, 
but a kind of double current is continually kept tip among the 
contents of the stomach, the circumferential parts of the mass 
being gradually moved onward toward the pylorus by the con¬ 
traction of the muscular fibres, while the central portions are 
propelled in the opposite direction, namely towards the cardiac 
orifice; in this way is kept up a constant circulation of the 
contents of the viscus, highly conducive to their thorough ad¬ 
mixture with the gastric fluid and to their ready digestion. 

Under, ordinary circumstances, throe or four hours m av be 
taken as the average time oc«upied by a digestion of the meal in 
JtljfiLSfaJoaasb. But the digestibility and quantity of the meal, and 
the state of body and mind of the individual, are important 
causes of variation. The pylorus usually opens for the first time 
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about twe nty minutes after digestion begi ns; it, however, quickly 
closes again. The intervals between its openings diminish, and 
the periods during which it remains open increase, until towards 
the end of the time it is permanently open, and the chyme can 
pass freely into the duodenum. 

Influence of the Nervous System. —The normal move- 



Kff- 546.—Very diagrammatic representation of the nerves of the alimentary canal. 
Oe .to Bet, the various parts of the alimentary canal from oesophagus to roctum: 
I.. V, left vagus, ending on front of stomach; rl, recurrent laryngeal nerve, supplying 
upper part of oesophagus; B. V, right vagus, joining left vagusin oesophageal plexus : 
oe. pi., supplying the posterior part of stomach, and continues as R'V' to join the solar 
plexus, here represented by a single ganglion, and connected with the inferior mesen¬ 
teric ganglion m.gl.; a, branches from the solar plexus to stomach and small intestine, 
and from the mesenteric ganglia to the large intestine; Spl.maj., large splanchnic 
nerve, arising from the thoracic ganglia and rami commumcantes; r.e, belonging to 
dorsal nerves from the 6th to the 9th (or 10th) ; Spl.min., small splanchnic nerve simi¬ 
larly from the 10th and 1 ith dorsal nerves. These both join the solar plexus, and 
thence make their way to the alimentary canal; e.r., nerves from the ganglia, &c., 
belonging to nth and 12th dorsal and 1st and 2nd lumbar nerves, proceeding to the 
inferior mesenteric ganglia (or plexus), m.gl., and thence by the hypogastric nerve, 
n.hyp., and the hypogastric nerve, n.hyp., and the hypogastne plexus, pl.hyp., to the 
circular muscles of the rectum; l.r., nerves from the 2nd and 3rd sacral nerves, S. 2, 
“1 3 (nervi erigentes) proceeding by the hypogastric plexus to the longitudinal muscles 
of the rectum. (M. Foster.) 

merits of the stomach during gastric digestion do not appear to 
be so closely connected with the plexuses of nerves and ganglia 
contained in its walls as was formerly supposed. The action, 
however, appears to be set up by {he presence of food within it. 
The stomach is, moreover, directly connected with the higher 
nerve-centres by means of branches of the vagi and of the 
splanchnic nerves throug h the so lar plexus. 
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First as to the function of the vagi in connection with the 
gastric movements. Ir ritat io n of these nerves produces oo ntrac- 
tion of t he st omach, if digestion is proceeding; and conversely, 
peristaltic actionli retarded, although it is not stopped, when they 
are divided. 

Secondly as to the other nerve-fibres, which reach the Btomach 
and intesti nes through the solar plexus. These fibres pass from 
the - spinal cord'in' - the anteriorroSts’of the nerv es from th e sixth 
to the twelfth dorsal, passing in the splanchnic nerves to the solar 
plexus, and thenoe to the stomach. Stimulatio n of the splanchnics 
pauses stoppage of the muscular movemeStFas well as constriction 
of the blood-vessels. 

It seems probable that automatic peristaltic contraction is 
inherent in the muscular coat of the stomach, and that the 
central nervous system is only employed to regulate it by impulses 
passing down by the vagi or splanchnic nerves. 

The secretory nerves of gastric juice are ti'eated on p. 641. 


Vomiting. 

The expulsion of the contents of the stomach in vomiting, like 
that of mucus or other matter from the lungs in coughing , is 
preceded by an inspira tion ; t he .glottis is then closed, and imme¬ 
diately afterwards the abdominal muscles strongly act; but here 
occurs the difference in the two actions. Instead of the vocal 
cords yielding to the action of the abdominal muscles, they re¬ 
main tightly closed. Thus the diaphragm being unable to go- 
up, forms an unyielding surface against which the stomach can be 
pressed. At the same time the cardia c sphincter-muscle being- 
relaxed, and the orifice which it naturally_gnards. being dilated,' 
while the pylorus is closed, and the stomach itself also contract¬ 
ing, the action of the abdominal muscles expels the contents of 
the organ through the oesophagus, pharynx, and mouth. The 
reversed peristaltic action of the oesophagus probably increases 
the effect. 

It has been frequently stated that the stom ach itself is quite 
passive during vomiting, and that the expulsion of its contents is 
effected soleiy"T 3 y~the pressure exerted upon it when the capacity 
of the abdomen is diminished by the contraction of the diaphragm, 
and subsequently of the abdominal muscles. The experiments 
and observations, however, which are supposed to confirm this 
statement, only show that the contraction of the abdominal 
muscles alone is sufficient to expel matters from an unresisting 
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bag through the oesophagus; and that, under very abnormal 
circumstances, the stomach, by itself, cannot expel its contents^ 
They by no means show that in ordinary vomiting the stomach is. 
passive, for there are good reasons for believing the contrary. In 
some cases of violent vomiting the contents, of the duodenum are 
passed by anti-peristalsis into the stomach, and are then vomited. 
Where there is obstruction to the intestine, as in strangulated 
hernia, the contents of all the small and even of the large in¬ 
testines may be vomited. 

Nervous mechanism. —Some few persons possess the power 
of vomiting at will, or the power may be acquired by effort and 
practice. But normally the action is a reflex one . 

The afferent nerves are principally theJi£tli^ J aiid.,glQaa9p.Uaryn - 
g eal (a s in vomiting prod need by tho /annf»a.). J .-a.nd the 

yag us (as in vomitingqirodnned Jbqngasfcrie- irritants); but vomiting 
may occur from stimulation of other sensory nerves, e.g. those 
from the kidney, uterus, testicle, <fcc. The centre may also be 
stimulated by impressions from the cerebrum and cerebellum, 
producing so-called central vomiting occurring in diseases of those 
parts. 

The centre for vomiting is in the medulla oblonga ta, and coin¬ 
cides with the centres,of the nerves concerned. 

The efferent (motor) impulses are carried by the vagi to the 
stomach, phrenics to the diaphragm, and various spinal nerves to 
the abdominal muscles. 

Emetics .—Some emetics produce vomiting by irritating the 
stomach; others, like tartar emetic, apomorphia, &c., by stimu¬ 
lating the vomiting centre. 


Movements op the Intestines. 

The movement of the intestines is peristaltic or vermicular, and 
isaffected by the alternate contractions and dilatations of successive 
portions of tire muscular coats. The contractions, which may 
commence at any point of the intestine, extend in a wave-like 
manner along the tube. They are exactly similar to what we 
have described in the oesophagus. In any given portion, the 
longitudinal muscular fibres contract first, or more than the 
circular; they draw a portion of the intestine upwards, over the 
substance to be propelled, and then |he circular fibree of the same 
portion contracting in succession from above downwards, press on 
the substance into the portion next below, in which at dnee the 
.same succession of actions next ensues. These movements take 
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place slowly, and, in health, commonly give rise to no sensation; 
but they are perceptible when they are accelerated under the 
influence of any irritant. 

• The movements of the intestines are sometimes retrograde ; and 
there is no hindrance to the backward movement of the contents 
of the small intestine, as in cases of violent vomiting just referred 
to. But almost complete security is afforded against the passage 
of the contents of the large into the small intestine by the jleo- 
cajcal valve. Besides,—the orifice of communication between the 
ileum and caecum (at the borders of which orifice are the folds of 
mucous membrane which form the valve) is encircled with muscu¬ 
lar fibres, the contraction of which prevents the undue dilatation 
of the orifice. 

Proceeding from above downwards, the muscular fibres of the 
large intestine become, on the whole, stronger in direct proportion 
to the greater strength required for the onward moving of the 
faeces, which are gradually, owing to the absorption of water, 
becoming firmer. The greatest strength is in the rectum, at the 
termination of which the circular unstriped muscular fibres form 
a strong band called the internal sphincter ; while an external 
sphincter muscle with striped fibres is placed rather lower down, 
and more externally, and holds the orifice close by a constant 
slight tonic contraction. 

Nervous mechanism.—Experimental irritation of the brain 
or cord produces no evident or constant effect on the movements 
of the intestines during life; yet in consequence of certain mental 
conditions the movements are accelerated or retarded; and in 
paraplegia the intestines appear after a time much weakened in 
their power, and costiveness, with a tympanitic condition, ensues. 
Stimulation of th e pneumo-gast rin nerves, if not too strong, induc es 
genuin e peristaltic movements o f the intestine s. Violent irritation 
stops-bhe movements. 

As in the case of the (esophagus and stomach, the peristaltic 
movements of the intestines may be directly set up in the 
muscular fibres by the presence of food or chyme acting as the 
stimulus. Few or no movements occur when the intestines are 
empty. The intestines are connected with the central nervous 
system both by the vagi and by the splanchnic nerves, as well as 
by other branches of the sympathetic which come to them from 
the cceliae and other abdominal plexuses. 

The relations of these nerves respectively to the movements of 
the intestine and the secretions axe the same as in the case of the 
stomach already treated of (see also fig. 546). 

Section of the sympathetic nerves going to any loop of intestine 
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produces not only vaso-dilatation, but' a great increase of very 
watery succus entericus (paralytic secretion 1 ). 

The exact distribution of the sympathetic fibres, and the 
situation of their cell stations, is a complicated anatomical re¬ 
search, in which Langley, and Anderson have obtained the most 
trustworthy results by the nicotine method (see p. 472). 

Duration of Intestinal Digestion .—Thai time occupied by the 
journey of a given portion of food from the stomach to the anus, 
varies considerably even in health, and pto this account probably 
it is that such different opinions have been expressed in regard 
to the subject. Ab out twelv e-ho^rs^re occ upied by the jo urney 
oi- an ordinary meal throug h the~^ma^^Jiitestme. and ts^ nty-four 
to thirty-six hours by the passage through the large bowel. 

" Drugsgiven for relief of diarrhoea or constipation act in various 
ways ; some influence the amount of secretion and thus increase 
or diminish the fluidity of the intestinal contents ; others acting 
on the muscular tissue or its nerves increase or diminish 
peristalsis. 


Defsecation. 

The act of the expulsion of faeces is in part due to an increased 
reflex peristaltic action of the lower part of the large intestine, 
namely of the sigmoid flexure and rectum, and in part to the 
action of the abdominal muscles. In the case of active voluntary 
efforts, there is usually, first an inspiration, as in the case of 
coughing, sneezing, and vomiting; the glottis is then closed, and 
the diaphragm fixed. The abdominal muscles are contracted as 
in expiration; but as the glottis is closed, the whole of their 
pressure is exercised on the abdominal contents. The sphincter 
of the *rectum being relaxed, the evacuation of its contents takes 
place accordingly ; the effect being increased by the peristaltic 
action of the intestine. 

Nervous Mechanism .—The anal sphincter muscle is normally 
in a state of tonic contraction. The nerv oua_-centre which 
governs this contraction is situated in the lumbar region of 
the spinal_ cord,, inasmuch as in cases of division of the cord above 
this region the sphincter regains, after a time, to some extent the 
tonicity which is lost immediately after the operation. By an 
effort of the wjll, acting on the centre, the contraction may be 
relaxed or increased. Such voluntary control over the act is 
obviously impossible when the cord is divided. ‘ In ordinary 
cases the apparatus is set in action by the gradual ..accumula¬ 
tion of faeces in the sigmoid flexure and rectum, pressing by 
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the peristaltic action of ^those parts of the large intestine against 
the sphincter, and causing by reflex action its relaxation ; this 
sensory impulse acting through the brain and reflexly through 
the spinal centre. At the same time that the sphincter is in¬ 
hibited or relaxed, impulses pass to the muscles of the lower 
intestine increasing their peristalsis, and to the abdominal muscles 
as well. 


CHAPTER LI. 

THE URINARY APPARATUS. 

This consists of the kidneys; from each a tube leads called the 
ureter to the bladder in which the urine is temporarily stored ; 
from the bladder a duct called the urethra leads to the exterior. 

The Kidneys are two in number, and are situated deeply in 
the lumbar region of the abdomen on either, side of the spinal 
column behind the peritoneum. They correspond in position to- 
the last two dorsal and two upper lumbar vertebrae; the right 
being slightly below the left in consequence of the position of the 
liver on the right side of the abdomen. They are about 4 inches 
long, 2 J inches broad, and i i inch thick. The weight of each 
kidney is about 4 J oz. ■ 

Structure. —The kidney is covered by a fi brous ^yfoinli 

is slightly attached by its inner surface tcT"¥Ke proper substance 
of the organ by means of very fine bund les of areo lar tissue 
and minute blood-vessels. From the healthy lcidney, i;herefore, 
it may be easily tCriT off without injury to the subjacent cortical 
portion of the organ. At the hilus of the kidney, it becomes 
continuous with the external coat of the upper and dilated part of 
the ureter (fig. 547). 

On dividing the kidney into two equal parts by a section carried 
through its Jong convex border it is seen to be composed of two 
portions called respectively cortical and medulla ry; the latter is- 
composed of about a dozen cnnu-al bundl es of urine tnl^> T each 
bundle forming what is called a pyrami d. ' The' upper part of the 
ureter or duct of the organ, is dilated into the pelvis; and this, 
again, after separating into two or three principal divisions, is finally 
subdivided into still smaller portions, varying in number from 
nKrm^ « calyces. Each of these little calyces or 
cups receives-rae pointed. 11 extremity or papilla of a pyramid. The 
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number of pyramids varies in different animals ; in some there is 
only one. 

The kidney is a compound tubular glan d, and both its cortical 
and medullary portions are composed of tubes ^ the tubuli u riniferi. 
which, by one extremity, in the cortical porti(jn^omm^ s d^tdWWrt 
tufts of capillary blood-vessels, called Malpighian bodies, and,* by 
the other, open through the papilla; into the pelvis of the kidney, 



Fig- 547 -—Flan of a longitudinal section 
through tlie pelvis and substance of the 
l ight kidney, £ : a, the cortical substance; 
b, It, broad part of the pyramids of Mal¬ 
pighi : c, c, the divisions of the pelvis 
named calyces, laid open; c', one of those 
unopened; d, summit of the pyramids 
of papilla.' projecting into calyces; e, e, 
section of the narrow part of two pyra- 
midstncar the calyces; pelvis or’en¬ 
larged divisions of the ureter within the 
kidney; a, the ureter; *, the sinus; 
h, the hilus. 


and thus discharge the urine 
which flows through them. 
They are bound together by 
connective tissue. 

In the pyramids the tubes 
are straight—uniting to form 


A 



Fig. 548- — a . Portion of a secreting 
tubule from the cortical sub¬ 
stance of the kidney, b. The 
epithelial or gland-cells, x 700 
times. 


larger tubes as they descend through these from the cortical 
portion; while in the latter region they spread out more irregularly, 
and become much branched and convoluted. But in the boundary 
zone between cortex and medulla, small collections of straight 
tubes called medullary rays project into the cortical region. 

Tubuli Uriniferi. —The tubuli uriniferi (fig. 548) are composed 
of a basement membrane, li ned internally by epitheliu m. They 
vary considerably in size in different parts of iHeir course, but are, 
on an average, about of an inch mm.) in diameter, and are 
found to be made up of several distinct sections which differ 
from one another very markedly, both in situation and structure. 
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Each begins in the cortex as a dilatation willed the Capsule 
*>f Bowman ; this encloses a tuft or glomerulus of capillaries called 



Kg. S49.—A diagram of the sections of urinifemus tubes. A, cortex limited externally by 
the capsule; a, subcapsular layer not containing Malpighian corpuscles; a', inner 
stratum of cortex, also without Malpighian capsules; B, boundary layer; 0 , papillary 
part next the boundary luyer s^Bowman’s capsuleof Malpighian corpuscle; 2, neck 
of capsulei 3, first convoluted tubules 4, spiral tubufe; 5, descending limb or 
Henles loop; 6, the loop proper; 7, thick part of the ascending limb; 8, spiral part 
of ascending limb; g, narrow ascending limb in the medullary my; 10, the zigzag 
tubule; 11, the second convoluted tubules 12, the junctional tubule; 13, the collecting 
tubule of the medullary ray ; 14, tho collecting tube of the boundary layer; 15, duet 
of Bellini. (Klein.) 
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a Malpighian corpuscle. The tubule leaves the capsule by a neck, 
and then becomes convoluted {first convoluted tubule), but soon 
after becomes nearly straight or slightly spiral {spiral tubule) ; 
then rapidly narrowing it passes down into the medulla as the 
descending tubule of Henle; 
this turns round, forming a 
loop ( loop of Henle), and passes 
up to the cortex again as the 
ascending tubule of He vie. It 

a 


Fig. 551.—Epithelial elements of a Mttlpi- 
Fig. 550.— Transverse section of a deve- ghian capsule and tuft, with the cmn- 

loping Malpighian capsule and tuft mencement of a urinary tubule showing 

(human), x 300. From a foetus at the afferent and efferent vessel; «, layer 

about the fourth month ; «, flattened of flat epithelium forming the capsule ; 

cells growing to form the capsule ; i, similar, but rather larger epithelial 

b, more rounded cells ; continuous with cells, placed in the walls of the tube ; 

the above, reflected round c, and Anally c, ccIIh, covering the vessels of the capil- 

enveloping it; c, muss of embrvonic lary tuft; d, commencement of the 

cells which will later become developed tubule, somewhat narrower than the 

into blood-vessels. (W. l J ye.) rest of it. (W. Pye.) 

then becomes larger and irregularly zigzag {zigzag tubule) and 
again* convoluted {second convoluted tubule). Eventually it nar¬ 
rows into a junctional tubule, which joins a straight or collecting 
tubule. This passes straight through the medulla, whero it joins 
with others to form one of the ducts of Bellini that open at the 
apex of the pyramid. These parts are all shown in fig. 549. 

The character of the epithelium that lines these several parts 
of the tubules is as follows :— 

In the capsule, the epithelium is flattened and reflected over 
the glomerulus. 

The way in which this takes place in process of development 
is shown in figs. 550 and 551. 

In the neck the epithelium is Still flattened, but in some 
animals, like frogs, where the neck is longer, the epithelium is 
ciliated. 
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L* i}i'. 552.--From a vortical section through the kidney of a dog—the capsule of which is 
supposed to l>e on the right. ", the capillaries of the Malpighian corpuscle, which are 
arranged in lobules; «. neck of capsule; r, convoluted tubes out in various directions ; 
h, zigzag tubule ; d, and/, are straight tubes in a medullary ray; d, collecting tube ; 
>, spiral tube ; /, narrow section of ascending limb, x 380. (Klein and Noble Smith.) 



*Tg. 553.—Transverse section of a renal papilla; a. large tubes or ducts of Bellini; 
h, e, and d, smaller tubes of Henle; e,f, blood capillaries, distinguished by their flatter 
epithelium. (Cadiat.) 

K.P. 
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In the first convoluted and spired ■ tubules, it is thick and the 
cells show a fibrillated structure, except around the nucleus, 

where the protoplasm is 



granular. The cells inter¬ 
lock laterally and are diffi¬ 
cult to isolate. In some 
animals they are described 
as ciliated. In the narrow 
descending tulmle of Henle 
and in the loop itself, the 
cells are clearand flattened 
and leave a considerable 
lumen; in the ascending 
limb they again become 
striated and nearly.fill the 
tubule.. In the zigzag and 
seco-nd convoluted tubules 
the fibrillations become 
even more marked. The 
junctional tubule has a 
large lumen, and is lined 
by clear, .flattened..jCfills ; 
the collecting tubules and 
ducts of Bellini are lined 
by clear CubicaT"or colum¬ 
nar cells. 

Blood - vessels of 
Kidney. — The renal 
artery enters the kidney 
at the lulus, and divides 
into branches that pass 
towards the cortex, then 
turn over and form in¬ 
complete arches in the 
region between cortex and 
medulla. From these 


Fig. 554.—Vascular supply of kidney, a, part of 
arterial arch ; ft, interlobular artery; e, glomeru¬ 
lus ; d, efferent vessel passing to the medulla as 
false arfceria recta; «, capillaries of cortex /, 
capillaries of medulla; g, venous arch; h, straight 
veins of medulla ; j, vena stellula; i, interlobular 
vein. (Cadiat.) 


arches vessels pass to the 
surface which are called 
the interlobular arteries ; 
they give off vessels at 
right angles, which arc 


the afferent vessels of the 
glomeruli; a glomerulus is made up of capillaries as previously 
stated. From eadh, a smaller vessel (the efferent vessel of the 
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glomerulus) passes out, and like a portal vessel on a small scale, 
breaks up once more into capillaries which ramify between the 



Fig. 555.—Diagram showing the relation of the Malpighian l>udy to the uriniferous ducts 
and blood-vessels, a, one of the interlobular arteries; afferent artery passing into 
the glomerulus; c, capsule of the Mslpighiati body, forming the termination of and 
continuous with t, the uriniferous tube : s', >■', ett'erent vessels which subdivide in the 
plexus, p, surrounding the tube, and finally temiinate in the branch of the renal 
vein r. (After Bowman.) 



Fig. 556.—Malpighian corpuscle, injected through the renal artery with coloured gelatin ; 
a, glomerular vessels; b, capsule; e, anterior capsule; d, glomerular artery'; r, 
efferent veins; /, epithelium of tubes. •(Cadiat.) 


convoluted tubules. These unite to form veins (interlobular veins ) 
which accompany the interlobular arteries; they pass to venous 

y r 2 
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arches, parallel to, hut more complete than the corresponding 
arterial arches; they ultimately unite to form the renal vein that 
leaves the hilus. These veins receive also others which have a 
stellate arrangement near the capsule ( venae stellular). 

The medulla is supplied by pencils of fine straight arterioles 
which arise from the arterial arches. They are called arteri w 
recti e. 'Flic efferent vessels of the glomeruli nearest the medulla 
may also break up into similar vessels which are called false 
arteruv recta 3 . The veins {venae rectos) take a similar course and 
empty themselves into the venous arches. In the boundary zone 
groups of vasa recta alternate witji groups of tubules, and give a 
striated appearance to this portion of the medulla. 

The Ureters. —The duct of each kidney, or ureter, is a tube 
about the size of a goose-quill, and from twelve to sixteen inches 
in length, which, continuous above with the pelvis, ends below by 
perforating obliquely the walls of the bladder, and opening on its 
internal surface. 

It is constructed of three coats : (a) an outer, fibrous coat ; 
{(>) a middle muscular coat , of which the fibres are unstriped, and 
arranged in three layers—the fibres of the central layer being 
circular, and those of the other two longitudinal in direction ; 
the outermost longitudinal layer is, however, present only in the 
lower part of the ureter; and (<•) a mucous memlrrane continuous 
with that of the pelvis above, and of the’urinary bladder below. 
It is composed of areolar tissue lined by transitional ep ithelium. 

The Urinary Bladder, which forms a receptacle for the 
temporary lodgment of the urine in the intervals of its expulsion 
from the body, is pyriform, its widest part, which is situate above 
and behind, being termed the fundus ; and the narrow constricted 
portion in front and below, by which it becomes continuous with 
the urethra, being called its cervix or neck. 

It is constructed of four coats,— serous, muscular, areolar 
or submucous, and mucous, (a.) The serous coat, which covers 
only the posterior and upper part of the bladder, has the 
same structure as that of the peritoneum, with which it is 
continuous. (£>) The fibres of the muscular coat, which are up- 
striped, are arranged in three layers, of which the external 
and internal have a general longitudinal, and the middle layer 
a circular direction. The latter are especially developed around 
the cervix of the organ and form the sphincter vesicas, (e.) The 
areolar or submucous coat is constructed of connective tissue with a 
large proportion of elastic fibres, (d.) The mucous membrane 
is like that of the ureters. It is provided with muoous glands, 
which are most numerous near the neck of the bladder. 
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The bladder is well provided with blood- and lymph-vessels, and 
with nerves. The latter are both medullated and nou-medullated 
fibres, and consist of branches from the sacral plexus (spinal) 
and hypogastric plexus (sympathetic). Ganglion-cells are found, 
here and there, in the course of the nerve-fibres. 

The Urethra. —This occupies the centre of the corpus 
spongiosum in the male. As i t passes through the prostate it is 
lin ed by tra nsitional, but elsewhere by columnar epithelium, 
except near the orifice, where it is stratified like the epidermis 
with which it becomes continuous. The female urethra has 



st ratified epi thelium throughout. The epithelium rests on a 
vascular corium, and this is covered by submucous tissue,con¬ 
taining an inner longitudinal and an outer circular muscular 
layer. Outside this a plexus of veins passes insensibly into the 
surrounding erectile tissue. 

Into the urethra open a number of oblique recesses or lacunae, 
a number of small mucous glands (Glands of Littre), two com¬ 
pound racemose glands (Cowper’s glands), the glands of the 
prostate, and the vas deferens. The prostate, which surrounds the 
commencement of the male urethra, is a muscular and glandular 
mass. Its glands are tubular and lined by col unmar epithelium. 


The Functions of the Kidneys. 

The main function of the kidneys is t o separate the urine from 
the blood. The true secreting part of the iviaii^’ is ^fe^fndulHr 
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epithelium that lines the convohited' portions of the t ubules; 
there is in addition to this what is usually termed the filtering 
apparatus : we have already seen that the tufts of capillary blood¬ 
vessels called the Malpighian glomeruli are supplied with afferent 
vessels from the renal artery ; the efferent vessels that leave these 
have a smaller calibre, and thus there is high pressure in the 
Malpighian capillaries. Certain constitue nts of | the blood, 
e spec ially water and salts, pass through the'Tmn wa lls o l^tKese 
vess^^ThTb^'tK^suiroundnTig'Bbwmaii’s capsule which forms the 
commencement of each renal tubule. Though the process which' 
occurs here is generally spoken of as a filtration, yet it is no 
purely mechanical process, but the cells exercise a selective 
influence, and prevent the albiiminous constitiients of, the , blood 
from e scaping. TJmnngTTie passage of the water which leaves the 
blood aTTTTe'glomerulus through the rest of the renal tubule, it 
gains the constituents urea, urates, <fcc., which are poured into it 
by the secreting cells of the convoluted tubules. 

The term excretion is better than secretion as applied to the 
kidney, for the constituents of the urine are not actually formed 
in the kidney itself (as, for instance, the bile is formed in the 
liver), but they are formed elsewhere; the kidney is simply the place 
where they are picked out from the blood and eliminated from 
the body. 

The Nerves of the Kidney. 

Nerves .—The nerves of the kidney are derived from the renal 
plexus of each side. This consists of both medullated and non- 
medullated nerve-fibres, the former of varying size, and of nerve- 
cells. The renal plexus is derived from the solar plexus, par¬ 
ticularly from the semilunar ganglion. The renal plexus is thus 
indirectly connected with the vagi and with the splanchnic nerves. 
It is also directly connected with them by fibres which pass to them 
without first joining the solar plexus. Fibres from the anterior 
roots of the tenth, eleventh, twelfth, and thirteenth dorsal nerves 
in,the dog also pass to the same plexus, either directly through 
the sympathetic chain or by first passing into the solar plexus. 

These nerves a re vago- motor in function ; we have at present 
no knowledge of true secretory nerves to the kidney; the amount* 
of urine varies directly with the blood pressure in its capil-j 
laries. 

Increase in the quantity of urine is caused by a rise^of Jntra- 
capillary pre ssure. This may be produced by”mcreasing the 
general blood pressure ; and this in turn may be produced in the 
following ways:— 
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1. By increase in the force or frequency of the heart beat. 

2. By constriction of the arterioles of areas other than that of 
the kidney, as in cold weather, when the cutaneous capillaries are 
constricted.* 

3. By increase in the total contents of the vascular system, as 
after drinking large quantities of fluid. 

The blood pressure in the renal capillaries may also be 
increased locally by anything which leads to relaxation of the 
renal arterioles. 

Decrease in the quantity of urine is produced by the opposites 
in each case. , 

If the renal nerves are divided, the renal arterioles are relaxed, 
and pressure in the renal capillaries is raised, so there is an 
increased flow of urine. This is accompanied by an increase in 
the volume of the kidney, as can be seen by the oncometer. 

Stimulation of the divided nerves produces a diminution in the 
amount of urine, and a shrinkage of the kidney due to a con¬ 
striction of its blood-vessels.f 

If the splanchnic nerves are experimented with instead of the 
renal, the effects are not so marked, as these nerves have a wide 
distribution, and section leads to vascular dilatation in the whole 
splanchnic area ; hence the increase in pressure in the renal capil¬ 
laries is not so noticeable. 

Puncture of the floor of the fourth ventricle in the neighbour¬ 
hood of the vaso-motor centre (close to the spot puncture of 
which .produces glycosuria) leads to a relaxation of the renal 
arterioles and a consequent large increase of urine (polyuria). 

Section of the spinal cord j ust below the medulla causes a 
cessation of secretion of urine, because of the great fall of general 
blood pressure which occurs. If the animal is kept $live, 
however, blood pressure goes up after a time, owing to the action 
of subsidiary vaso-motor centres in the cord. When this has 
occurred stimulation of the peripheral end of the cut spinal cord 
again causes urinary secretion to stop, because the renal artery (like 
the other arteries of the bbdy) is so constricted that the pressure 
in the renal capillaries becomes too low for secretion to occur. 

The Oncometer, which has just been referred to, is an instru¬ 
ment constructed on plethysmographie principles, by means of 
which the volume of the kidney is registered. The general 
characters of this instrument are described with diagrams on 

* The reciprocal, action between*skin and kidneys will be discussed more 
fully in the chapter on the skin. 

+ The nerves also contain vaso-dilatator fibres, which are excited when a 
slow rate of stimulation is used (see p. 477). 
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p. 478. The special form adapted for-the kidney is shown in the 
next figure. 



Fig. 558.—Oncometers for kidneys of different Hisses. 


It is found that the effect on the volume of the organ of 
dividing or stimulating nerves corresponds to blood pressure. A 
rise of blood pressure in the renal artery is produced by 
constriction of the renal arterioles ; this is accompanied by a fall 
of pressure in the renal capillaries, and a shrinkage of the kidney. 
Increase in the volume of the kidney is produced by the opposite 
circumstances. 

The accompanying figure (559) shows that in a kidney curve 



Fig. 559.—Curve taken by renal oncometer compared with that of ordinary blood 
pressure, a, Kidney curve; b, blood-pressure curve. (Roy.) 

one gets a rise of volume due to each heart beat, and larger waves 
which accompany respiration. In many cases larger sweeping 
waves (Traube-Hering curves) are often shown as well. If a 
kidney curve is compared with a fracing of arterial pressure, it 
will' be seen that the rise of arterial pressure coincides with a fall 
of the oncograph lever due to constriction of the renal vessels. 
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Diuretics are drugs whicli produce an increased flow of urine; 
they act in various ways, some by increasing the general blood 
pressure, others by acting locally upon the kidney (increasing its 
volume as measured by the oncometer); under this latter head 
are doubtless to be included some also which act on the renal 
epithelium rather than on the blood-vessels. 

Activity of the Renal Epithelium. 

The epithelium of the convoluted tubules has a structure which 
suggests from its resemblance to other forms of secreting 
epitheliums, that its function here also is secreting. This is 
confirmed by the manner in which the blood-vessels break up into 
capillaries around these tubules; and is further confirmed by 
experiments. 

Heidenhain has shown that if a substance (sodium sulph- 
indigotate), which ordinarily produces blue urine, is injected 
into the blood (after section of the medulla which causes 
lowering of the blood pressure in the renal glomeruli), that 
when the kidney is examined, the cells of the convoluted tubules 
(and of these alone) are stained with the substance, which is also 
found in the lumen of the tubules. This shows that the pig¬ 
ment at any rate is eliminated by the cells of the convoluted 
tubules, and that when by diminishing the blood-pressure, the 
filtration of urine ceases, the pigment remains in the convoluted 
tubes, and is not, as it would be under ordinary circumstances, 
swept away from them by the flushing of them by the watery part 
of urine derived from the glomeruli. It therefore is probable that 
the cells, if they excrete the pigment, excrete urea and other sub¬ 
stances also. # 

But the proof is not absolute, for the pigment is a foreign 
substance. Urea is a very difficult substance to trace in this 
way because it does not leave any coloured trail behind it. In 
birds the place of urea is taken by uric acid, and the urates can 
be actually traced, because they are deposited as crystals, and 
can be seen in the cells and convoluted tubes much in the same 
way as Heidenhain’s blue pigment. 

Another series of experiments, however, has proved the point 
for the case of urea. 

By using the kidney of the frog or newt, which has two distinct 
vascular supplies, one from the renal artery to the glomeruli, and the 
other from the renal-portal vein to the convoluted tubes, ^uss L 
bapa«bg.s shown that certain substances, e.g. peptones and sugar, 
when injected into the blood, are eliminated by the glopieruli. 
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and so are not got rid of when the' renal arteries are tied; 
whereas certain other substances, e.g. urea, when injected into 
the blood, are eliminated by the convoluted tubes, even when the 
renal arteries have been tied. This evidence is very direct that 
urea is excreted by the convoluted tubes, and cannot be considered 
to be invalidated by the statement made by Adami that there is 
a slight anastomosis between the two sets of vessels. 

If the part of the cortex of the kidney which contains the 
glomeruli is removed, urea still continues to be formed. This is 
an additional proof that the excretion is performed by the portions 
of the convoluted tubules that remaip. 

The Work done by the Kidney* 

Recent work by Starling, Hamburger, Dreser, and others has 
shown the great importance a proper study of osmosis in the 
body has in the understanding of many physiological facts. * 

The subject is by no means a simple one, but the following 
account of its bearing on urinary secretion (abstracted from Star¬ 
ling) will not lead us into anything very abstruse. 

We have already seen that the urine is separated from the 
blood by a process which is not the simple one called filtration. 
This is further supported by the fact that it is possible to 
measure the work of the kidney, and it is found to be vastly 
greater than could be carried out by the intra-capillary blood 
pressure. The following facts will also teach us that reabsorption 
of water cannot, as Ludwig held, take place in the tubules. 

The measurement of the work done by the kidney depends 
upon a determination of the respective osmotic pressures of the 
urine and blood plasma. 

If a bladder containing strong salt solution is placed in a vessel 
of distilled water, water passes into the bladder by diffusion or 
osmosis, so that the bladder is swollen, and a manometer con¬ 
nected with its interior will show a rise of pressure (osmotic 
pressure). But the total rise of pressure cannot be measured in 
this way for two reasons : (1) because the salt diffuses out as the 
water diffuses in ; and (2) because the membrane of the bladder 
leaks; that is, permits of filtration when the pressure within it 
has attained a certain height. 

It is therefore necessary to use a membrane which will not allow 
salt to pass out either by osmosis or filtration, though it will let 
the water pass in. Such membranes are called semi-permeable 
membranes, and one of the best of these is ferroeyanidc of oopper. 
This may be made by taking a cell of porous earthenware and 
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washing it out first with copper sulphate and then with potassium 
ferrocyanide. An insoluble precipitate of copper ferroeyanide is 
thus deposited in the pores of the earthenware. 

If such a cell is arranged as in fig. 560, and filled with a 1 
per cent, solution of sodium chloride, 
water diffuses in till the pressure 
registered by the manometer reaches 
the enormous height of 5000 millim. 
of mercury. If the pressure in the cell 
is increased beyond this artificially, 
water will be pressed through the semi- 
permeable walls of the cell and the 
solution will become more concentrated. 

In other words, in order to make a 
solution of sodium chloride of greater 
concentration than 1 per cent., a pres¬ 
sure greater than 5000 mm. of mercury 
must be employed. 

It is, moreover, found that the 
osmotic pressures of various solutions 
depend merely on the number of 
molecules of any substance present; 
the nature of the substance makes no 
difference. The osmotic pressure is, 
in fact, equal to that which the dis¬ 
solved substance would exert if it 
occupied the same space in the form of 
a gas. 

Hence, if the osmotic pressures of 
blood plasma and urine are determined, 
the work done by the kidney cells in 
order to separate from the blood plasma 
a fluid with the osmotic pressure of the urine, can be estimated. 

The actual method of estimating osmotic pressures is not by 
means of a manometer as in the diagram, but by the depression 
of the freezing point that occurs when substances are dissolved in 
water. A full consideration of this method would, however, lead 
us too deeply into mathematical considerations. We may take 
some examples from Dreser’s work. He took the case in which 
200 c.e. of urine were excreted during a night; the blood plasma 
in this case had an osmotic pressure = 0*92 per cent, solution; 
while that of the urine was* = 4-0 per cent, solution of sodium 
chloride. In this case the kidney had performed 37 kilogramme- 
metres of work. In another case of more concentrated urine 



Fig. 560.—A, outer vessel, con¬ 
taining distilled water; B, 
inner semi-permeable vessel 
containing 1 per cent, salt 
solution; M, mercurial 
manometer. (After Star¬ 
ling.) 
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obtained from a cat previously deprived of water for three days 
the numbers were respectively i*i and 8*o. The difference was 
equal to a pressure of 498 metres of water; so that the^kidney 
had separated urine from the blood against a pressure of 49,800 
grammes per square centimetre, a force about six times greater 
than the maximum force of voluntary muscle. 


Extirpation of the Kidneys. 

Extirpation of one kidney for various diseases (stone, etc.) is a 
by no means uncommon operation. • It is not followed by any 
untoward result. The remaining kidney enlarges and does the 
work previously shared between the two. 

Extirpation of both kidneys is fatal ; the urea, etc., accumulate 
in the blood, and the animal dies in a condition of deep coma 
preceded by convulsions (uraemia). 

Ligature of both renal arteries practically amounts to the same 
thing as extirpation of the kidneys, and leads to the same result. 
If the ligature is released the kidney once more sets to work, but 
the urine secreted is then albuminous, owing to the epithelium 
having been impaired by being deprived for a time of its normal 
blood supply. 

Removal of one kidney, followed at a later period by removal of 
a half or two-thirds of the other leads in dogs, in which the 
operation has been performed by Bradford, to a surprising result. 
After the second operation the urine is increased in amount, and 
the quantity of urea is much greater than normal. This comes 
from a disintegration of the nitrogenous tissues; the animal 
wastes rapidly and dies in a few weeks. It is thus evident that 
the kidneys play an important part in nitrogenous metabolism 
apart from merely excreting waste substances. The exact 
explanation has still to be found, but it is probable that the 
kidney, like the pancreas and liver, and many ductless glands, 
forms an internal secretion (see pp. 500 and 652). 

The Passage of Urine into the Bladder. 

As each portion of urine is secreted it propels that which is 
already in the uriniferous tubes onwards into the pelvis of the 
kidney. Thence through the ureter the urine passes into the 
bladder, into which its rate and mode of entrance has been 
watched in cases of ectopia vesicce, i.e. of such fissures in the 
anterior or lower part of the walls of the abdomen, and of the 



CH. M.] 


MICTURITION. 


701 


front wall of the bladder, as expose to view its hinder wall 
together with the orifices of the ureters. The urine does not 
enter the bladder at any regular rate, nor is there a synchronism 
in its 'movement through the two ureters. During fasting, two 
or three drops enter the bladder every minute ; each drop as it 
enters first raises up the little papilla through which the ureter 
opens, and then passes slowly through its orifice, which at 
once again closes like a sphincter. In the recumbent pos¬ 
ture, the urine collects for a little time in the ureters, then 
flows gently, and, if the body is raised, runs from them in a 
stream till they are empty. Its flow is aided by the peristaltic 
contractions of the ureters, and is increased in deep inspira¬ 
tion, or by straining, and in active exercise, and in fifteen or 
twenty minutes after a meal. The urine is prevented from 
regurgitation into the ureters by the mode in which these pass 
through the walls of the bladder, namely,* by their lying for 
between half and three-quarters of an inch between the muscular 
and mucous coats before they turn rather abruptly forwards, and 
open through the latter into the interior of the bladder. 


Micturition. 

The contraction of the muscular walls of the bladder may 
by itself expel the urine with little or no help from other 
muscles. In so far, however, as it is a voluntary act, it is 
performed by means of the abdominal and other expiratory 
muscles, which in their contraction, press on the abdominal 
viscera, the diaphragm being fixed, and catise the expulsion 
of the contents of those whose sphincter muscles are at the 
same time relaxed. The muscular coat of the bladder co¬ 
operates, in micturition, by reflex involuntary action, with the 
abdominal muscles ; and the act is completed by the accelerator 
urinae, which, as its name implies, quickens the, stream, and 
expels the last drop of urine from the urethra. The act, so far 
as it is not directed by volition, is under the control of a nervous 
centre in the lumbar spinal c ord, thr ough~wETch. as~m~'€Ee case of 
the similar centre for defsecation, the various muscles concerned 
are Harmonized in their action. It is well known that the act 
may be reflexly induced, e.g. in children who suffer from intestinal 
worms, or other such irritation. Generally the afferent impulse 
which calls into action the desire to micturate is excited by over 
distension of the bladder, or even by a few drops of urine passing 
into the urethra. This passes up to the lumbar centre and 
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produces on the one h and inhibition “of the sphincter and on 
the other hand contraction of the necessary muscles for the 
expulsion of the contents of the bladder. The'tonic action of the 
lumbar centre can also be inhibited by the will. 

The bladder receives nerves from two sources :—(x) from the 
lower dorsal and upper lumbar nerves ; these fibres pass to the 
sympathetic chain, from here to the inferior mesenteric gang¬ 
lion, and ultimately reach the bladder by the hypogastric nerves. 
Stimulation of these nerves causes contraction of the circular 
fibres of the bladder including the sphincter; (2) from the 
second and third sacral nerves; theige run to the bladder by the 
nervi erigentes. Stimulation of these nerves causes relaxation of 
th^-sphincter and contraction of the detrusor urime. 


CHAPTER LII. 

THE URINE. 

Quantity. —A man of average weight and height passes from 
1,400 to 1,600 c.c., or about 50 oz. daily. This contains about 
50 grammes (ij oz.) of solids. For analytical purposes it should 
be collected in a tall glass vessel capable of holding 3,000 c.c., 
which should have a smooth-edged neck accurately covered by a 
ground-glass plate to exclude dust and avoid evaporation. The 
vessel, moreover, should be graduated so that the amount may 
be easily read off. From the total quantity thus collected in the 
twenty-four hours, samples should be drawn off for examina¬ 
tion. 

Colour. —This is some shade of y ellow which varies consider¬ 
ably in health with the concentration of the urine. It is due to 
a mixture of pigments ; of these urobilin is the one of which we 
have the most accurate knowledge. Urobilin has a reddish tint 
and is undoubtedly derived from the blood pigment, and, like 
bile pigment, is an iron-free derivative of haemoglobin. The 
theory usually accepted concerning its mode of origin is that bil,e 
pigment is in the intestines converted into stercobilin; that niost 
of the stercobilin leaves the body with the faeces; that some is 
reabsorbed and is excreted with the urine as urobilin. Both 
stercobilin and urobilin are very like the artificial reduction pro- 
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duct, of bilirubin called "hydrobilirubin (wee p. 663). Normal 
urine, however, contains very little urobilin. The actual body 
present is a chromogen or mother substance called urobilinogen, 
which by oxidation, for instance standing exposed to the air, is 
converted into the pigment proper. In certain diseased condi¬ 
tions the amount of urobilin is considerably increased. The 
yellow pigment of the urine called urochrome shows no absorption 
bands; its mode of origin in the body, and its relationship to 
urobilin, if any exists, are not known. 

Reaction. —The reactioi 1 of noniud_uriiie-4s-aei(i. This is not 
due to free acid, as the uric aud hippuric acids in the urine are 
combined as urates and hippurates respectively. The acid ity is 
due to acid sodium, phosphate. Under certain circumstances the 
urine becomes less acid and even alkaline ; the most important of 
these are as follows :— 

1. During digestion. Here there is a formation of free acid in 
the stomach, and a corresponding liberation of bases in the blood 
which passing into the urine diminish its acidity, or even render 
it alkaline. This is called the_alkaline tide ; the opposite condi¬ 
tion, the ac id tide , occurs after a fast—for instance, before 
breakfast. 

2. In herbivorous animals and vegetarians. The food here 
contains excess of alkaline salts of acids like tartaric, citric, malic, 
ifcc. These acids are oxidised into carbonates, which passing, into 
the urine give it an alkaline reaction. 

Specific Gravity.—This should be taken in a sample of the 
twenty-four hours’ urine with a urinometer. 

The specific gravity varies inversely as the quantity of urine 
passed under normal conditions from 1013 to 1025. A specific 
gravity below ioxo should excite suspicion of hydruria ; one 
over 1030, of a febrilg condition, or of diabetes, a disease in* which 
it may rise to 1050. The specific gravity has, however, been 
known to sink as low as 1002 (after large potations, urinti potus), 
or to rise as high as 1035 (after great sweating) in perfectly 
Wealthy persons, 

"Composition.—The following table gives the average amounts 
of the urinary constituents passed by a man in the twenty-four 
hours :— 


Water. 

. 150000 

grammes 

Total solids ...... 

. 72T0 


Urea. 

33'i8 


Uric acid . . . • 

0-55 


Hippuric acid. 

o-40 


Creatinine. 

0-91 


Pigment and other organic substances 

. lO'OO 

n 
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Sulphuric acid . 
Phosphoric acid 
Chlorine 
Ammonia 
Potassium . 
Sodium . 
Calcium 
Magnesium 


201 grammes. 

316 » 

750 

077 » 

250 „• 

1109 
0-26 
0*21 


The most abundant constituents of the urine are water, ure&,-- 
and sodium chloride. In the foregoing table one must not be 
misled by seeing the names of the acids and metals separated. 
The acids and the bases arc combined to form salts, such as 
urates, chlorides, sulphates, phosphates, tfec. 


Urea. 

Urea, or Carbamide, ( 10 (NH a ) 2 , is isomeric (that is, has the 
same empirical, but not the same structural formula) with 
ammonium cyanate (NH 4 )( 'NO, from which it was first prepared 
synthetically by Wohler in 1828 . Since then it has been pre¬ 
pared synthetically in other ways. Wohler’s observation derives 

interest from the fact that this 
was the first organic substance 
which was prepared synthetically 
by chemists. 1 

When crystallised out from 
the urine it is found to be readily 
soluble both in water and alcohol: 
it has a~ saltish taste , and is 
neutral tdlltmus pa per. The 
foiTTf of its crystals is shown in 

%• 5 6i> 

When treated with nitric acid, 
nitrate of urea (CONjH v HNO s ) 
is formed; this crystallises in 
octahedra, lozenge-shaped tablets, 
or hexagons (fig. 562). When treated with oxalic acid, flat or 
prismatic crystals of urea oxalate (C 0 N 2 H 4 .H 2 C 2 0 4 -f- H 2 0 ) are 
formed (fig. 563). 

These crystals may be readily obtained by adding excess of the 
respective acids to urine which has been concentrated to a third 
or a quarter of its bulk. 

Under the influence of an organised ferment, the torula or 
micrococcus urese, which grows readily in stale urine, urea 
takes up water, and is converted into ammonium carbonate 



Fig. 561.—Cry-stain of Urea. 
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[C0N 2 H 4 -f-2H 2 0==(NH 4 ) 2 G0 8 ]. Hence the ainmouiacal odour of 
putrid urine. 

By means of nitrous acid, urea is broken up into carbonic acid, 
water and nitrogen, CON 2 H 4 + 2 HN 0 2 = C 0 2 + 3H 2 G + 2N 2 . The 




Fig. 563.—Crystalsof Ureaoxalate. 


evolution of gas bubbles which takes place on the addition of 
fuming nitric acid may be used as a test for urea. 

Hypobromitc of soda decomposes urea in the following 
way :— 

CON,H* + 3NaHrO = CO a + N 2 + 2 H 2 0 + 3 NaBr 

[urea] [sodium [carbonic [nitrogen] [water] [sodium 

hypobromitc] acid] ht'omidi ] 

This reaction is important, for on it one of the best methods 
for estimating urea depends. There have been various pieces of 
apparatus invented for rendering the analysis easy ; but the one 
described below is the best. If the experiment is performed as 
directed, nitrogen is the only gas that comes off, the carbonic 
acid being absorbed by excess of soda. The amount of nitrogen 
is a measure of the amount of urea. 

Dupre’s apparatus (fig. 564) consists of a bottle (A) united to a measuring 
tube by indiarubber tubing. The measuring tube (C) is placed within a 
cylinder of water (D), and can be raised and lowered at will. Measure 
25 e.c. of alkaline solution of sodium hypobromite (made by mixing 2 c.c. 
of bromine with 23 c.c. of a 40 per cent, solution of caustic soda) into the 
bottle A. Measure 5 c.c. of urine into a small tube ( 11 ), anti lower it care¬ 
fully, so that no urine spills, into the bottle. Close the bottle securely with 
a stopper perforated by a glass tube ; this glass tube (the bulb blown on this 
tube prevents froth from passing into the rest of the apparatus) is connected 
to the measuring tube by indiarubber tubing and a T-piece. The third limb 
of the T-piece is closed by a piece of indiarubber tubing and a pinch-cock, 
seen at the top of the figure. Open the pinch-cock and lower the measuring 
tube until the surface of the w'ater with which the outer cylinder is filled is 
at the zero point of the graduation. Close the pinch-cock, and raise the 
measuring tube to ascertain if the apparatus is air-tight. Then lower it 
again. Tilt the bottle so as to upset the urine, and shake well for a minute 
or so. During this time there is an evolution of gas. Then immerse the 
bottle in a large beaker containing water of the same temperature as that in 
the cylinder. After two or three minutes raise the measuring tube until the 
surfaces of the water inside and outside it are at the same level. Read off 
- K.P. ‘ Z Z 
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the amount of gas (nitrogen) evolved. 35-4 p.c. of nitrogen are yielded by 
o'1 gramme of urea. From this the quantity of urea in the 5 e,e. of urine 
and the percentage of urea can.be calculated. If the total urea passed in 

the twenty-four horn’s is to be ascertained* the 
twenty-four hours’ urine must l>e carefully 

n measured and thoroughly mixed. A sample i| 

<3®« ■ jcji then taken from the total for analysis; ahd, 

‘ then, by a simple sum in proportion,- the total 

| amount of urea is ascertained. Sometimes the 
n p r- j 14 measuring tubes supplied with this apparatus 
are graduated in dhisions corresponding to 
percentages of urea. 

| Another method (Liebig’s) of estimating urea 

in urine is the following:—Take 40 cc, of 
urine; add to this 20 c.e. of baryta mixture 
A (two volumes of barium hydrate and one of 

barium nitrate, both saturated in the cold). 
C— ,|jj Filter off the precipitate of barium phosphate 

and sulphate which is formed. Take 15 c.e. of 
: | the filtrate (this corresponds to 10 c.c. of urine) 

in a beaker. Run into it standard mercuric 

J nitrate solution from a burette of such a 

strength that 1 c.c. exactly precipitates 
001 gramme of urea as a compound with the. 
f< u-mula (C< IN. II 4 \ Hg( N(),)„(HgO) r The 

solution is run in until the precipitate. ceases 
to form, anil free mercuric nitrate is present 
in the mixture : this can be detected by the 
yellow colour a drop of the, mixture gives with 
a drop of saturated solution of sodium car¬ 
bonate on a white slab. The amount used from 
the burette can be read off, and the percentage 
D of urea calculated. In another specimen of 
the same urine, the chlorides are then esti¬ 
mated. and 1 gramme of urea subtracted for 
every 13 gramme of sodium chloride, formed. 

Tho quantity of urea is somewhat 
variable, the chief cause of variation 
- being the amount of proteid food in- 
, T% „ gested. In a man in a state of equili- 

apparatus. bn uni the q uantity of urea secret ed daily 

averages 3 ^ g ra mme s {500 grains). 
The normal percentage'Jnwine i s 2 per cent. : but 
this also varies, because the concentration of the urine varies 
considerably in health. In dogs it may be 10 per cent. The 
excretion of urea is usually at a maximum three hours 
after a meal, especially after a Qieal rich in proteids. The 
urea does not come, however,... direct from the food) the 
food must be first assimilated, and become part of., the body 
before it can break down to form turea. An exception to this 

rule is to be -found in the- case, of the amido-acids, especially 
leucine and lysatininc, which are formed in the intestinal canal 
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from proteids during. digestion. These substances are carried to 
the liver, and there converted into urea; but only a very small 
fraction of the urea in the urine is formed in this way. Food 
increases the elimination of urea because it stimulates the tissues to 
increased activity; their waste nitrogenous products are converted 
into urea, which, passing into the blood is directly excreted by the 
kidneys. The greater the amount of proteid food given, the 
more waste products do the tissues discharge from their proto¬ 
plasm, in order to make room for the new proteid which is built 
into its substance. 

Muscular exercise has little immediate effect on the amount of 
urea discharged. in very intense muscular work there is a slight 
immediate increase of urea, but this is quite insignificant when 
compared to the increase of work. This is strikingly different 
from what occurs in the case of carbonic aeid ; the more the 
muscles work, the more carbonic acid do they send into the 
venous blood, which is rapidly discharged by the expired air. 
Recent careful research has, however, shown that an increase of 
nitrogenous waste does occur on muscular exertion, but appears 
as urea in the mine to only a slight extent on the day of the 
work ; the major part being, excreted during tlie next day. 

Where is Urea formed ?—The older authors considered that 
it was fo'-uied in the kidneys, just as they also erroneously 
thought that carbonic acid was formed in the lungs, l’revost 
and Dumas wore the first to show that after complete extirpation 
of the kidneys the formation of urea goes 011, and .that it accu¬ 
mulates in the blood and tissues. Similarly, in those cases of 
disease in which the kidneys cease work, urea is still formed and 
accumulates. This condition is called iirctmia {or urea in the 
blood), and unless the urea be discharged from the body the 
patient dies. There is no doubt, however, that it is not urea but 
some antecedent of urea that acts most poisonously, and is the 
cause of death. 

Where, then, is the seat of urea formation ? Nitrogenousi 
waste occurs in all the living tissues, and the principal final! 
result of this proteid metabolism is urea. It may not be that 
the formation of urea is perfected in each tissue, for if we look to 
the most abundant tissue, the muscular tissue, urea is absent, or 
nearly so. Yet there can he no doubt that the chief plac guirom 
which-urea ultimately comes is the muscular tissue! "Some inter¬ 
mediate step occurs in the muscles ; the final steps occur elsewhere. 

In jmuscles we find a substance called creatine yn fair ly large 
lf is injected into the blood it is discharged 

Us creatinin. But there is very little creatinine in normal 

z z 2 



708 


THE URINE. 


[OH. LIT. 


urine ; what little there is can be nearly all accounted for by the 
creatine in the food ; the muscular creatine is dis charged as ure a ; 
in f act, ur ea can be ^artificially"obtained, from creatine in the 
laboratory. . 

Similarly, other cellular organs, spleen, lymphatic glands, 
secreting glands, participate in the formation of urea; but the 
most important appears to be the liver: this is the organ where 
the final changes take place. The urea is then carried by the 
blood to the kidney, and is there excreted. 

The facts of experiment and of pathology point very strongly 
in support of the theory that urea is formed in thn livnr The 
principal are the following 

1. 'After removal of the liver in such animals as frogs, urea 
formation almost ceases, and ammonia is found in the urine instead. 

2. When degenerative changes occur in the liver, as in 
cirrhosis of that organ, the urea formed is much lessened, and 
its place is taken by ammonia. In acute yellow atrophy urea is 
almost absent in the urine, and, again, there is considerable 
increase in the ammonia. In this disease leucine and tyrosine 
are also found in the urine ; undue stress should not be laid upon 
this latter fact, for the leucine and tyrosine doubtless originate 
in the intestine, and, escaping further decomposition in the 
degenerated liver, pass as such into the urine. 

We have to consider next the intermediate stages between 
proteid and urea. A few yearn ago succeeded in arti¬ 

ficially producing urea from casein. More recent work has shown 
that this is true for other proteids also. If a proteid is decom¬ 
posed by hydrochloric acid, a little stannous chloride being added 
to prevent oxidation, a number of products are obtained such as 
ammonium salts, leucine, tyrosine, aspartic, and glutaminic acids. 
This fcas known before, so the chief interest centres round two 
new substances,- precipitable by pliosphotuugstic acid. One of 
these is called lysine (C ft H u N 2 0 2 , probably di-amidocaproic 
acid): the other is called lysatine or lysatinine. This has the 
formula C 6 H 18 N 3 0 2 or C fi H u N 3 0 , and is a homologue of either 
creatine (t\H 9 N g 0 2 ) or creatinine (C 4 H 7 N s O), according as the 
first or second formula is correct. Arguing from this analogy, 
Drechsel expected to be able to obtain urea from it, and his ex¬ 
pectation was confirmed by experiment. He took a silver com¬ 
pound of lysatine, boiled it with barium carbonate, and after 
twenty-five minutes’ boiling obtained urea.* It is, however, ex- 

^ - -'nf — . •.- — - — ~~ _ ■ - . -_- ....... .... . 

Hedin has shown quite recently that lysatine is a mixture of lysine 
and another base called arginine (C o H 14 N 4 0 a ) ; it is from the arginine that 
the urea comes in the experiments just described. 
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tremely doubtful wlSether the chemical decompositions produced 
in laboratory experiments on proteids are comparable to those 
occurring in the body. Many physiologists consider that the 
amido-acids are intermediate stages in the metallic processes that 
lead to the formation of urea from proteids. We have already 
alluded to this question in relation to the creatine of muscle, and 
we are confronted with the difficulty that injection of creatine 
into the blood leads to an increase not of urea, but of creatinine 
in the urine. If creatine is an intermediate step, it must 
undergo some further change before it leaves the muscle. Other 
amido acids, such as glycoqjne (amido-acetic acid) and leucine 
(amido-caproic acid) are probably to be included in the same 
category. The facts upon which such a theory depends are (r)' 
that the introduction of glycocine or leucine into the bowel, or 
into the circulation, leads to an increase of urea in the urine ; 
there is, however, no evidence that tyrosine acts in this way ; 
and (2) that amido-acids appear in the urine of patients suffering 
from acute yellow atrophy of the liver. Then, again, it is per¬ 
fectly true that, in the laboratory, urea can be obtained from 
creatine, and also from uric acid, but such experiments do not 
prove that creatine or uric acid are normally intermediate pro¬ 
ducts of urea formation in the body. Still, if we admit for the 
sake of argument that amido acids are normally intermediate 
stages in proteid metabolism, and glance at their formula;— 

(xlycocine, C’ 2 H 5 N O.,, 

Leucine, C 6 H 1S N 0 2 , 

Creatine, C 4 H„N a 0 2 , 

—we see that the carbon atoms are more numerous than the 
nitrogen atoms. In urea, CON 2 H 4 , the reverse is the case. The 
amido acids must therefore be split into simpler compounds, 
which unite with one another to form urea. Urea formation is 
thus, in part, synthetic. There have been various theories ad¬ 
vanced as to what these simpler compounds are. Some have 
considered that cyanate, others that carbamate, and others still 
that-earbonate of -ammonium is formed. Schroder's' work' proves 
that ammonium carbonate is one of the urea precursors, if not 
the principal one. The equation which represents the reaction is 
as follows:— 

(NH 4 ) 2 C 0 8# — 2 H 2 0 = CON 2 H 4 

[Ammonium [Water] [Urea], 

carbonate] 

1 

Schroder’s principal experiment was this : a mixture of blood and 
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ammonium carbonate was injected into the liver by the portal 
vein ; the blood leaving the liver by the hepatic vein was found 
to contain urea in great abundance. This does not occur- when 
the same experiment is performed with any other organ of the 
body, so that Schroder’s experiments also prove the great import- 
ance of the liver in urea formation. 

T he re i s ; - ho w 0 ve i ;'Trrr'TreCe'Sfelty 4 ~BTrpp<>He that the formation 
of amido acids is a necessary preliminary to urea formation. The 
conversion of the leucine and lysatinine formed in the intestine 
into ammonium salts and then into urea does certainly occur, but 
this only accounts for quite an insignificant fraction of the urea 
in the urine. If this also occurs in tissue metabolism, we ought 
to find considerable quantities of leucine, glycocine, creatine, 
lysatinine, and such substances in the blood, leaving the various 
tissues and entering the liver; but we do not. We do, however, 
constantly find ammonia which, after passing into the blood or 
lymph, has united with carbonic acid to form either carbonate 
or carbamate of ammonium. It is quite probable that the nitro , 
genous waste that leaves the muscles and other tissues is split oili 
from them as ammonia, and not in the shape of large molecules] 
of amido-acid, which are subsequently converted into ammonia. 
The experiments outside the body which most closely imitate 
those occurring within the body are those of Dreclisel, in which 
he passed strong alternating currents through solutions of 
proteid-like materials. Such alternating currents are certainly 
absent in the body, but their effect, which is a rapidly changing 
series of small oxidations and reductions, are analogous to meta¬ 
bolic processes; under such circumstances the carbon atoms arc 
burnt off as carbon dioxide, the nitrogen being split off in the 
form pf ammonia, and by the union of these two substances am¬ 
monium carbonate is formed. 

Uric Acid. 

Uric Acid (C 5 N 4 il t 0 3 ) is in mammals, next to urea, the j nedium 

bod y. It is, however, in~ Birds and reptiles the principal nitro¬ 
genous constituent of their urine. It is not present in the free 
state, but is combined with bases to form urates. 

'.It may be obtained from human urine by adding 5 c.c. of 
hydrochloric acid to 100 c.c. of the urine, and allowing the mix¬ 
ture - to stand for twelve to twenty-four hours. The crystals 
which form are djs&p ly tinged with urinary pigm ent, and though 
tsy repeated solution in caustic soda or potash, and precipitation 
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by hydrochloric acid, they may be obtained fairly free from pig¬ 
ment, pure uric acid is more readily obtained from the solid 
urine of a serpent or bird, which consists principally of the acid 
ammonium urate. This is dissolved in soda, and then the addi¬ 
tion of hydrochloric acid produces sis before the crystallisation of 
uric acid from the solution. 

The pure acid crystallises in colourless rect angular plates or 
prism s. In striking contrast to urea ltTTsTa most insoluble sub¬ 
stance, requiring for its solution 1,900 parts of hot and 15,000 
parts of cold water. The forms which uric acid assumes when 
precipitated from human uryie, either by the addition of hydro¬ 
chloric acid or in certain patho¬ 
logical processes, are very various, 
the most frequent being the 
whetstone shape ; there arc also 
bundles- of crystals resembling 
sheaves, barrels, and dumb-bells 
(sec fig. 565). 

The mure.ride test is the princi¬ 
pal test for uric acid. The test 
has received the name on account 
of the resemblance of the colour to 
the purple of the ancients, which 
was obtained from certain snails 
of the genus Murear. It is per¬ 
formed as follows : place a little 
uric_»cid or a urate in a capsule ; add a little dilute nitric acid 
and_evaporate to dryness. A yellowish-red residue is left, Add 
a little ammonia carefully, and the residue turns yiolet; this is 
due to the formation of purpurate of ammonia. On the addition 
of potash the colour becomes bluer. 

Another reaction that uric acid undergoes (though it is not 
applicable as a test) is that on treatment with certain oxidising 
reagents urea and oxalic acid can be obtained from it. It is, 
however, doubtful whether a similar oxidation occurs in the 
normal metabolic processes of the body. 

Uric acid is dibasic, and thus there are two classes of urates— 
the normal urates and the acid urates. A normal urate is one in 
which two atoms of the hydrogen are replaced by two of a monad 
metal like sodium ; an acid urate is one in which only one atom. 
of hydiogen is thus replace^. The formula) would be— 

C B H 4 N t O g ==uric acid. 

C 6 H s NaN 4 O g = acid sodium urate. 

CjjHgNagN^Oj, = normal sodium urate. 



Fig. 565.- Various forms of uric acid 
crystals. 
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The acid sodium urate is the chief constituent of the pinkish 
deposit of urates, which often occurs in urine, and is called the 
laterit ious deposit. 

The qiiantity of uric acid excreted by an adult varies from 7 to 
10 grains (o - 5 to o”j$ gramme) daily. 

The best method for determining the quantity of uric acid in 
the urine is that of Hopkins. Ammonium chloride in crystals is 
added to the urine until no more will dissolve. This saturation 
completely precipitates all the uric acid in the form of ammo¬ 
nium urate. After standing for two hours the precipitate is 
collected on a filter, washed with saturated solution of ammonium 
chloride, and then dissolved in weak alkali. From this solution 
the uric acid is precipitated by neutralising with hydrochloric 
acid. The precipitate of uric acid is collected on a weighed filter, 
dried, and weighed. 

Origin of Uric Acid. —Uric acid is not made by the kidneys. 
When the kidneys are removed uric acid continues to be formed 
and accumulates in the organs, especially in the liver and spleen. 
The liver has been removed from birds, and uric acid is then 
hardly formed at all, its place being taken by ammonia and lactic 
acid. It is therefore probable that ammonia and lactic acid are 
normally synthes ised in the liver to form, uric acid. 

The two conditions which lead to an increase of uric acid in the 
urine are— 

1. Increase of meat diet and diminution of oxidation processes, 
such as occur in people with sedentary habits. 

2. Increase of white corpuscles in the blood, especially in the 
disease known as leucocythcemia. This latter fact is of great 
interest, as leucocytes contain large quantities of nuclein. Nuclein 
yields nitrogenous bases (adenine, C S H 6 N 5 ; hypoxanthine, 
<J 5 H 4 N t O) which are closely related to uric acid. 

Hippuric Acid. 

Hippuric Acid (C 9 H 0 NO S ), combined with bases to form 
hippurates, is present in small quantities in human urine, but in 
large quantities in the urine of herbivora. This is due to the 
food of herbivora containing substances belonging to the aromatic 
group—the benzoic acid series. If benzoic acid is given to a 
man, it un ites with glycocine ypt h the elimin ation of a m olebulc 
of water, and is excreted as hippuric acid— 

CH 4 .NH 2 CH,NA.CO.C fl H s 
(! 6 H 5 .COOH+ | = | +HgO 

COOH COOH 

[Bomsoie acid] [Glycocine] [Hippuric acid] [Water]. 
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. This is a well-marked instance of synthesis carried out in the 
animal body, and experimental investigation shows that it is 
accomplished by the livin g cells of the kidney itself ; f or if a mix¬ 
ture of "{^lyuut}lhe~"benzoic acid, 
and blood is injected through the 
kidney (or mixed with a minced 
kidney just removed from the 
body of an animal), their place 
is found to have been taken by 
hippuric acid. 

Creatinine. 

The creatinine in the urine 
is nearly all derived from the 
creatine contained in the meat 
of the food. There is, however, a 
small amount in the urine even 
during starvation : this possibly represents a small percentage of 
creatine from the muscles. 

The formation of creatinine from creatine is represented in the 
following equation:— 

CjHgNgOjj - H 2 0 = C 4 H 7 N s O 

[Creatine] [Water] [Creatinine]. 

Creatine and creatinine are of considerable chemical interest, 
because urea can be obtained from them as one of their decompo¬ 
sition products in the laboratory; the equation which represents 
the formation of urea from creatine is as follows :— 



C 4 H 9 N s 0 2 + H 2 0 = C s H 7 N0 2 + CON 2 H 4 

[CreatineJ [Water] [Sarcosine] [Urea]. 


The second substance formed is sarcosine. Sarcosine is methyl- 
glycocine—that is, amido-aeetic acid in which one H is replaced 
by methyl (CH S ). 


CH / NH 


.CHg 

COOH. 


It is, however, doubtful whether decompositions of this kind 
occur in the body. 

Creatinine with zinc chloride gives a characteristic crystalline 
precipitate (groups of fine needles) with composition 

' C 4 H 7 N 3 O.ZnCl 2 . 

According to the recent researches of G. S. Johnson, urinary 
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creatinine, though isomeric with the Creatinine obtained artifici¬ 
ally from the creatine of flesh, differs from it in some of its 
properties, such as reducing power, solubility, and character of 
its gold salts. The reducing action of urinary creatinine has led 
to some confusion, for some physiologists have supposed that the 
reducing action onFehling’s solution and picric acid of normal urine 
is due to sugar, whereas it is really chiefly due to creatinine. The 
readiest way of separating creatinine from urine is the following :— 
To the urine a twentieth of its volume of a saturated solution of 
sodium acetate is added, and then one-fourth of its volume of a 
saturated solution of mercuric chlojride : this produces an imme¬ 
diate abundant precipitate of urates, sulphates, and phosphates, 
which is removed by filtration ; the filtrate is then allowed to 
stand for twenty-four hours, when the precipitation of a mercury 
salt of creatinine { 0 4 H 5 HgN 3 OHCl) 4 (HgCl 2 ) 3 4 - 2H 2 0 occurs in the 
form of minute spheres, quite typical on microscopic examination. 
This compound lends itself very well to quantitative analysis. 
It may be collected, dried, and weighed, and one-fifth of the 
weight found is creatinine. Creatinine may be obtained from it 
by suspending it in water, decomposing it with sulphuretted 
hydrogeii, and filtering. The filtrate deposits creatinine hydro¬ 
chloride, from which Pb ( 0 H) 2 liberates creatinine. An important- 
point in Johnson’s process is that all the operations are carried 
out in the cold ; if heat is applied one obtains the creatinine of 
former writers, which has no reducing power. 

The Inorganic Constituents of Urine. 

The inorganic or mineral constituents of urine are chiefly 
chlorides, phosphates, sulphates, and carbonates ; the metals with 
which these are in combination are sodium, potassium, ammonium, 
calcium, and magnesium. The total amount of these salts varies 
from 9 to 2 g gramm es daily. The most abundant is sodium 
chloildepwEJch averages'IiTamount 10 to 13 grammes per diem. 
These substances are derived from two sources—first from the 
food, and secondly as the-result of metabolic processes. The 
rihinrjdea and most of the. phosphates come* from the food ; the 
sulphates and some of. the phosphates, as a result oflhetabolism. 
The salts of the blood and of the urine are much the same, with 
the important exception that, whereas the blood contains tally 
trap es of sulpha tes, the urine contai ns ab undance nf these an It* 
ThesuTp 5 ates~are deri ved fr6m~Th^~e haimei~that occur in the 
proteidsof tlm~body"rtlh^nitrogen of~pr oteicis feEVes the body 
as“ufea~~Bcrid uiic acid; the suIpEur"oftEe pfoteids^isli-adised to 
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form sulphuric acid, which passes into the urine in the form of 
sulphates. The excretion of sulphates, moreover, runs parallel to 
that of urea. 

Ohlorides. —The chief chloride is that of sodium. The inges¬ 
tion of sodium chloride is followed by its appearance in the urine, 
some on the same day, some on the next day. Some is decom¬ 
posed to form the hydrochloric acid of the gastric juice. The 
salt, in passing thr o ugh the body, fulfils the useful officePof 

Sulphates.—^Tne siilpliates in $ie urine are principally those 
of potassium and sodium, ^hey are derived from the metabolism 
of proteids in the body. Only the smallest trace enters the body 
with the food. Sulphates have an unpleasant bitter taste (for 
instance, Epsom salts) : hence we do not take food that contains 
them. The sulphates vary in amount from 1-5 to 3 grammes 
daily. 

In addition to these sulphates there is a small quantity, about 
one-tenth of the total sulphates, that are combined with organic 
radicles : these are known as ethereal sulphates, and they originate 
from putrefactive processes occurring in the intestine. The chief 
of these ethereal sulphates are phenol ljuTplTate of potassium and 
indoxyl sulphate of potassium. The latter originates from the 
indole formed in the intestine, and as it yields indigo when treated 
with certain reagents it is sometimes called indican. It is very 
important to remember that the indican of urine is not the same 
thing as the indican of plants, which is a glucoside. Both yield 
indigo, but there the resemblance ceases. 

Carbonates.- —Carbonates and bicarbonates of sodium, calcium, 
magnesium, and ammonium are only present in alkaline urine. 
They arise from the carbonates of the food, or from vegetable 
acids (malic, tartaric, tfcc.) in the food. They are, therefore, 
found in the urine of herbivora and vegetarians, whose urine is 
thus rendered alkaline'. Urine containing carbonates becomes, 
like saliva, cloudy on standing, the precipitate consisting of cal¬ 
cium carbonate, and also phosphates. 

Phosphates. —Two classes of phosphates occur in normal 
urine:— * 

(x) Alkaline phosphates—that is, phosphates of sodium (abun¬ 
dant) and potassium (scanty). 

(2) Earthy phosphates—that is, phosphates of calcium (abun¬ 
dant) and magnesium (scanty). 

The composition of the phosphates in urine is liable to variation. 
In acid urine the acidity is due to the acid salts. These are 
chiefly-— 
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Sodium dihydrogen phosphate, NaHjPO t , and calcium dihydro¬ 
gen phosphate, Ca(H s P 0 4 ) 2 . 

In neutral urine, in addition, disodium hydrogen phosphate 
(Na 2 HP 0 4 ), calcium hydrogen phosphate, CaHPO^ and magnesium 
hydrogen phosphate, MgHPO^ are found. In alkaline urine 
there may be instead of, or in addition to the above, the normal 
phosphates of sodium, calcium, and magnesium [Na 3 P 0 p Ca 3 (P 0 1 ). J , 
Mg 3 (P 0 4 ) 2 ]. 

The earthy phosphates are precipitated by rendering the urine 
alkaline by ammonia. In decomposing urine ammonia is formed 
from the urea : this also precipitate^ the earthy phosphates. The 
phosphates most frequently found in the white creamy precipitate 
which occurs in decomposing urine are— 

(1) Triple phosphate or ammonio - magnesium phosphate 



Fig. 567.—Urinary tiedinusnt of triple 
phosphates [large prismatic crystals) 
and urate of ammonium, from urine 
which had undergone alkaline fer¬ 
mentation. 


Fig. 568.—Mucus deposited from urine. 


(NH 4 MgP 0 4 -f-6H2O). This crystallises in “coffin-lid” crystals 
(see fig. 567) or feathery stars. 

(2) Stellar phosphate, or calcium phosphate, which crystallises 
in star-like clusters of prisms. 

As a rule normal urine gives no precipitate when it is boiled; 
but sometimes neutral, alkaline, and occasionally faintly acid 
urines give a precipitate of calcium phosphate when boiled : this 
precipitate is amorphous, and is liable to be mistaken for albumin. 
It may be distinguished readily from albuflain, as it is soluble 
in a few drops of acetic acid, whereaS coagulated proteid does not 
dissolve. 

The phosphoric acid in the urine chiefly originates from the 
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phosphates of the food, but is partly a decomposition product of 
the phosphorised organic materials in the body, such as lecithin 
and nuclein. The amount of P 2 0 5 in the twenty-four hours’ urine 
varies from 2-5 to 3-5 grammes, of which the earthy phosphates 
contain about half (1 to 1-5 gr.). 


Tests for the Inorganic Salts of Urine. 

Chloride *.—Acidulate with nitric acid and add silver nitrate; a white 
pi'ecipitate of silver chloride, soluble in ammonia, is produced. The object 
of acidulating with nitric acid is to prevent phosphates being precipitated by 
the silver nitrate. • 

SulphateX .—Acidulate with hydrochloric acid, and add barium chloride. 
A white precipitate of barium sulphate is produced. Hydrochloric acid is 
again added first, to prevent precipitation of phosphates. 

Phosphate*.• —i. Add ammonia ; a white flocculent precipitate of earthy 
(that is, calcium and magnesium) phosphates is produced. This becomes 
more apparent on standing. The alkaline (that is, sodium and potassium) 
phosphates remain in solution, ii. Mix another portion of urine with half 
its volume of nitric acid ; add ammonium molybdate, and boil. A yellow 
crystalline precipitate falls. This test is given by both classes of phosphates. 

Quantitative estimation of the salts is accomplished by the use of solutions 
of standard strength, which are run into the urine till the formation of a 
precipitate ceases. The standards aie made of silver nitrate, barium chloride, 
and uranium nitrate or acetate for chlorides, sulphates and phosphates 
respectively. 


Urinary Deposits. 

The different substances that may occur in urinary deposits are 
formed elements and chemical substances. 

The formed or anatomical elements may. consist of blood 
corpuscles, pus, mucus, epithelium cells, spermatozoa, casts of the 
urinary tubules, fungi, and entozoa. All of these, with the 
exception of a small quantity of mucus, whioh forms a flocculent 
cloud in the urine, are pathological, and the microscope is chiefly 
employed in their detection. 

The chemical substances are uric acid, urates, calcium oxa¬ 
late, calcium carbonate, and phosphates. Rarer forms are leucine, 
tyrosine, xanthine, and cystine. We shall, however, here only 
consider the commoner deposits, and for their identification the 
microscope and chemical tests must both be employed. 

Deposit of Uric Acid. —This is a sandy reddish deposit 
resembling cayenne pepper. It may be recognised by its crystal¬ 
line form (fig. 565, p. 711) and the murexide reaction. The 
presence of these crystals generally indicates an increased 
formation of uric acid, and, if excessive, may lead to the formation 
of stones or calculi in the bladder. 
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Deposit of Urates. —This is much* commoner, and may, if the 
urine is concentrated, occur in normal urine when it cools. It is 
generally found in the concentrated urine of fevers ; and there 
appears to be a kind of fermentation, called the acid fermentation, 
which occurs in the urine after it has been passed, and which 
leads to the same result. The chief constituent-of the deposit is 
the acid sodium urate, the formation of which from the normal 
sodium urate of the urine may be represented by the equation— 

2C ri H 2 Na,N 1 O s + H 2 0 + C 0 2 = 2 0 5 H s NaN 4 0 3 + N%C 0 3 

I.normal sodium [water] [carbonic [acifl sodium (sodium 

urate] arid] urate] carbonate] 


This deposit may be recognised as follows:— 

i. It has a pinkish colour ; the pigment called uro-erythrin is 



Fig. 569.—Crystals of Calcium Oxalate. 


Fig. 570.—Crystals of Cvstin. 


one of the pigments of the urine, but its relationship to the other 
urinary pigments is not known. . ’ 

2. It dissolves upon warming the urine. 

3. Microscopically it is usually amorphous, but crystalline 
forms similar to those depicted in fig. 567 may occur. 

Crystals of calcium oxalate may be mixed with this deposit 
(see fig. 569). 

Deposit of Calcium Oxalate. —This occurs in envelope 
crystals (octahedra) ofr dumb-bells. 

It is insoluble i n ammo nia , and in acetic aci d. -I t is solu ble 
with difficulty in hydrochloric aci d. «. , ' 

Deposit of Cystin. —Cystin (CqH^NjSjO,,) is recognised by its 
colourless six-sided crystals (fig. 570). These are rare: they 
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occur only in acid urine, • and they may form concretions or 
calculi. Cystinuria (cystin in the urine) is hereditary. 

Deposit of Phosphates. — These occur in alkaline u rine. The 
urine may be alkaline when passed, due to fermentative changes 
occurring in the bladder. All urine, however, if exposed to the 
air (unless the air -is perfectly pure, as on the top of a snow 
mountain), will in time become alkaline, owing to the growth of 
the micrococcus nreat. This forms ammonium carbonate from the 
urea. 

CON.H, + 2 H a O = (NH 4 ) 2 C 0 3 . 

[urea] [water] [ammonium 

* carbonate] 

The .ammoag ia r esdecLthe .urine alkaline and precipi tates _ t he 
earthy phosphates. The chief forms of phosphates that occur in 
umiary "deposits are— 

1. Calcium phosphate, Ca 3 (P 0 4 ) 2 ; amorphous. 

2. Triple or ammonio-magnesium phosphate, MgNH 4 P 0 4 ; 
coffin-lids and feathery stars (fig. 567). 

3. Crystalline phosphate of calcium, CaHP 0 4 , in rosettes of 
prisms, in spherules, or in dumb-bells. 

4. Magnesium phosphate, Mg 3 (P 0 4 ) 2 4- 22 H 2 t), occurs occa¬ 
sionally, and crystallises in long plates. 

All these phosphates are dissolved by acids, such as acetic 
acid, without effervescence. 

They da not,dissolve on heati ng the urin e; in fact,.theju®0uufc 
of p recipi tate niay be increased ,b.vSeating. Very often neutral 
or alkaline urine will become cloudy when boiled ; this may be 
due to albumin or to phosphates. It is very important to dis¬ 
tinguish between these two, as albuminuria is a serious condition. 
They may be distinguished by the use of acetic acid, which dis¬ 
solves phosphates but not albumin. 

A solution of ammonium (x -in-5) eats magnesiu m 

phosphate, ; it has no effect on the triple pRn»- 
-phate. A phosphate of calcium (CaHP 0 4 -f- 2 H 2 0 ) may occa¬ 
sionally be deposited in acid nrine. Pus in urine is apt to be 
mistaken for phosphates, b ut can_be_ , dM^VU§hS^MJ^e 
inicroscope . 

Deposit of calcium carbonate, 0 aC 0 3 , appears but rarely as 
or biscuit-shaped-J aadks. It is commoner in the 
Imne^^'TiefBrvbra. It dissolv es in acetic or hydroc hloric, acid, 
wi th 

The following is a summary of the chemical sediments that 
ttiay occur in urine :— 
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CHEMICAL SEDIMENTS IN URINE. 


In Acid Urine. 

Uric Arid. —Whetstone, dumb¬ 
bell, or sheaf-like aggregations of 
crystals deeply tinged by pigment. 

Urate*. — Generally amorphous. 
The acid urate of sodium and of 
ammonium may sometimes occur in 
star-shaped clusters of needles or 
spheroidal clumps with projecting 
spines. Tinged brick-red. Soluble 
on warming. 

Calcium Oxalate. —Octahedra, so- 
called envelope crystals. Insoluble 
in acetic acid. 

Cyxtin .—Hexagonal plates. Rare, 

Leucine and Tyroxine. —Rare. 

Calcium Phosphate, 

OaH P 0 4 + 2 H a O.—Rare. 


In Alkaline Urine. 
Phosphates .—Calcium phosphate. 
Ca s (P 0 4 ) a . Amorphous. 

Triple phosphate, 

MgNH 4 P 0 4 + 6H 2 0 . Coffin-lids or 
feathery stars. 

Calcium hydrogen phosphate. 
CaHP 0 4 . Rosettes, spherules,, or 
dumb-bells. 

Magnesium phosphate, 

MG.(P 0 4 )„ + 22 H 2 0 . Long plates. 
♦All soluble in acetic acid without 

effervesecn ceT--- 

Calcium Carbonate, CaC 0 3 .— 

Biscuit-shaped crystals. Soluble in 
acetic acid with nffnrvoHoPn oel 
A nemo mu m *5 Urate, 
C s H 2 (NH 4 ) 2 .N 4 0 3 . — ' Thorn-apple ’ 
spherules. 

Leucine and Tyroxine .—Very rare. 


Pathological Urine. 

Under this head we shall briefly consider only those abnormal 
constituents which are most frequently met with. 

Proteids. — There is no proteid matter in normal urine, * and 
the most common cause of the appearance of albumin js, the 
u riqq hi disease of the kidn ey (BrigHFs disease!. The term 
‘‘alb^uiT^ls^the one used by clinic^ observers. Properly 
speaking, it is a mixture of serum albumin and serum globulin. 
The best methods of testing for and estimating the albumin are 

the following:— 

• 

(a) Boil the top of a long column of urine in a test-tube. If the nri n>-is 
acid- the nl h um in is. coagulated- If the quantity of albumin is small, the 
cloudiness produced is readily seen, as the unboiled urine below it is clear. 
This is insoluble ip ff. few dp^pa nf noetic a cid, and so may be distinguished 
from phosphates." If tne urine is alkaline, it should be first rendered acid 
with a little dilute acetic acid. 

(i) Heller's/ Nitric-acid Test .—Pour some of the urine gently on to the 
surface of some nitric acid in a test-tube. A ring of white precipitate occurs 
at the .junction of the two liquids. This test is used for small quantities of 
albumin. 


* This absolute statement is true for all practical purposes. Morner, 
however, has recently stated that a trace gf proteid matter (serum albumin 
plus the proteid constituent of mucin) does occur in normal urine; but the 
trace is negligible, many hundreds of litres of urine having to be used to 
obtain an appreciable quantity. 
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00 Estimation of Albumin by Esbaeh's Albuminometer .— Rsbach’s 
reagent for precipitating the albumin is made by dissolving io grammes of 
picric acid and 20 grammes of citric acid in 800 or 900 c.c. of boiling water 
and then adding sufficient water to make up to a litre- (1000 c.c.). 

The albuminometer is a test-tube graduated as shown in fig. 571. 

Pour the urine into the tube up to.the mark U; then the reagent up to 
the mark R. Close the tube with a cork, and to ensure complete mixture, 
tilt it to and fro a dozen times without shaking. Allow the corked tube to 
stand upright twenty-four hours; then read off on the scale the height of 
tlie eoagulum. The figures indicate grammes of dried albumin in a litre of 
urine. The percentage is obtained by dividing by io. Thus, if the eoagulum 
stands at 3, the amount of albumin is 3 grammes per litre, or o'3 gr. in 
100 c.c. If the sediment falls between any two figures, the distance f, J, or 
£ from the upper or lower figure can be read off with sufficient accuracy. 
Thus, the surface of the sediment^being midway between 3 and 4 would be 
read as 3*5. When the albumin is so abundant that the. sediment is above 
4, a more accurate result is obtained by first diluting the urine with one or 
two volumes of water, and then multiplying the resulting figure by 2 or 3, 
as the case may be. If the amount of albumin is less than o - 5 per cent., it 
cannot be accurately estimated by this method. 


A condition called “ pe^_onyri)^”.Qr_^e^to^ in the urine, is 
observed in certain pathological states, es¬ 
pecially in diseases where there is a forma¬ 
tion of pus, and particularly if the pus is 
decomposed owing to the action of a bac¬ 
terial growth called staphylococcus ; one of the 
pro ducts of disintegration of pus cells appears 
toTS" peptone ; and thtS'lcaves'^ie ljody TJy 
the urTneT The term “ peptone,” however, 
includes the “ proteoses.” Indeed, in most, 
if not all, cases of so-called peptonuria, true 
peptone is absent. In the disease called “ os¬ 
teomalacia ” a proteose is also usually found in 
the urine. 

Sugar. —Normal urine contains no sugar, 
or so little that for clinical purposes it may 
be considered absent. It occurs in the disease 
called diabetes mellitus, which can be artificially 
produced by pu ncture of jthe.medulla, oblongata, 
or by extirpa tioirdf the pancreas. The disease 
as it occurs"in man may be due to disordered 
metaboli sm of the l ive r, to di sease of the .pancreas, and t o othe r 
not~fuIly^pdor'sioo d^ a «seH . (aee p. 668). 

The sugar present is d extros e. Lactose may oocur in the 
u rine oTnursing motHcrs. Diabetic urine al^b contafhs~Hydroxy- 
b utyric acid , an<T~may~ contain or yield on distillation acetone 
and ethyl-diacetic acid. The methods usually adopted for detect¬ 
ing and estimating the sugar are as follows :—■ 

KJP. ' 8 A. 
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00 The urine has generally a high specific gravity . . . 

(i) The presence or sugar is shown ny the reduction (y ellow pre c ipi tate 
qfjmprau&jjsicjUO that occurs on boiling with Febling’s solution. - Feeling ’s 
s olution is an alkaline solution of copper sulphate to which Rochelle salt 
has-been added. The Rocijielie salt ( double tartrate of pofasfT and sod a) 
hoIdiTEfie cupric hydratem solution. Fehling’s solution shouia 'M -??cys* be 
fresElyTai'epa.reav'hy.'ltcr'BtUinding, racemic acid is formed from the tartaric' 
acid, ana this substance itself reduces the cupric to cuprous oxide. Folding's 
solution should, therefore, always be tested by boiling before it is used. If 
it remains clear on boiling, it is in good condition. 

(c) Picric Acid Test .—The work of Sir George Johnson and G. S. Johnson 
has shown the value of this reagent in detecting both albumin and sugar in 
the urine. The same reagent may be employed for the detection of both 
substances. The method of testiiig for albumin has been already studied 
with Esbach’s tubea To test for sugar r^o the following experiment. Take 
a drachm (about 4 c.c.) of diabetic urine; add to it an equal volume of 
saturated aqueous solution of picric acid, and half the volume (i.c., 2 c.c.) of 
the liquor potass® of the British Pharmacopoeia. Boil the mixture for about 
a minute, and it becomes so intensely dark red as to be opaque. Now do 
the same experiment with normal urine. An orange-red colour appears 
even in the cold, and is deepened by boiling, but it never becomes opaque, 
and so the urine for clinical purposes may be considered free from sugar. 
This reduction of picric acid by normal urine is due to creatinine (see p. 
714). The reaction described may be used for quantitative purposes by 
means of Sir George Johnson’s picro-saccharometer. 

(d) Quantitative Determination of Sugar in Urine,. —Fehling’s solution 
is prepared as follows :—34*639 grammes of copper sulphate are dissolved in 
about 200 c.c. of distilled water ; 173 grammes of Rochelle salt are dissolved 
in 600 c.c. of a 14 per cent, solution of caustic soda. The two solutions are 
mixed and diluted to a litre. Ten c.c. of this solution are equivalent to 
0-05 gramme of dextrose. Dilute 10 c.c. of this solution with about 40 c.c. 
of water, and boil it in a flask. Run into this from a burette the urine 
(which should be previously diluted with nine times its volume of distilled 
water) until the blue colour of the copper solution disappears—that is, till 
all the cupric hydrate is reduced. The mixture in the flask should be boiled 
after every addition. The quantity of diluted urine used from the burette 
contains 0*05 gramme of sugar. Calculate the percentage from this, re¬ 
membering that the urine has been diluted to ten times its original volume. 

It is somewhat difficult for the unpractised observer to determine accu¬ 
rately the exact point at which the blue disappears. The blue colour, if any 
remains, will be seen by holding the flask up to the light. Some prefer a 
white porcelain basin instead of a flask ; the blue can then be seen against 
the white of the basin. ' 

Pavy’s modification of Fehling’s solution is sometimes used. Here am¬ 
monia holds the copper in solution, and no precipitate forms on boiling with 
sugar, as ammonia holds the cuprous oxide in solution. The reduction is 
complete when the blue colour disappears ; 10 c.c. of Pavy’s solution = I c.c. 
of Fehling’s solution = 0*005 grammes of dextrose. 

In some cases of diabetic urine where there is excess of ammonia-magnesic 
phosphate, the full reduction is not obtained with Fehling’s solution, and 
when the quantity of sugaT is small it may be missed. In such a case excess 
of soda or potash should be first added, the precipitated phosphates filtered 
off, and the filtrate after it has been well boiled may then be titrated with 
Fehling’s solution. 

Fehling’s test is not absolutely trustworthy. Often a normal urine will 
decolorise Fehling’s solution, though seldom a red precipitate is formed. 
This appears to be due to excess of urates and creatinine. Another sub¬ 
stance called glycuronic acid (C fl H, o 0 r ) is, however, very lively to be con¬ 
fused with sugar by Fehling’s test; the cause of its appearance is sometimes 
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the administration of drugs {chloral, camphor, &c.) ; but sometimes it 
appears independently of drug treatment. The cause of this is not known, 
but the condition has not the serious meaning one attaches to diabetes; 
hence, for life assurance purposes, it is most necessary to confirm the 
presence of sugar by other tests. 

Then, too, in the condition called alcaptonuria, confusion may similarly 
arise. Alcapton is a substance which probably originates from tyrosine by 
an unusual form of metabolism. It gives the urine a brown tint, which, 
darkens on exposure to the air. It is an aromatic substance, and the recent’ 
researches of Baumann and Wolkow have identified it with homogentisinic 
acid (C 0 H s .(OH) a C FI..COOH). 

00 The best confirmatory test for sugar is the frrmo.ntation irs t, which is 
performed as follows :— 

Half fill a test tube with the urine and add a little German .yeast. Fill 
up the tube with mercury ; in verts it in a basin of mercury, and leave it in a 
warm place for twenty-four hours. The sugar will undergo fermentation : 
carbonic acid gas accumulates in the tube, and the liquid no longer gives the 
tests for sugar, or only faintly, but gives those for alcohol instead. A 
control experiment should be made with yeast and water in another test- 
tube, as a small yield of carbonic acid is sometimes obtained from impurities 
in the yeast. 


Bile.—This occurs in jaundice. The urine is dark-brown, 
greenish, or in extreme cases almost black in colour. The most 
readily applied test is Gmelin’s test for the bile, pigments. 
Pettenkofer’s test for the bile acids seldom succeeds in urine if 
the test is done in the ordinary way. The hest method is to 
warm a thin film of urine and cane sugar solution in a flat 
porcelain dish. Then dip a glass rod in strong sulphuric acid, 
and draw it across the film. Its tr ack is marked by a purplish 
Jine. Exeess of urobilin should not be mistaken for bile pigment. 

Blood. —When hfemorrhage occurs in any part of the urinary 
tract, blood appears in the urine. It is found in the acute stage 
of Bright’s disease. If a large quantity is present, the urine is 
deep red. Microscopic examination then reveals the presence of 
blood corpuscles, and on spectroscopic examination the hands of 
oxyheemoglobin are seen. 

If only a small quantity of blood is present, the secretion— 
especially if acid—has a characteristic reddish-brown colour, which 
physicians term “ smoky.” „ 

The blood pigment may, under certain circumstances, appear 
in the urine without the presence of any blood corpuscles at all. 
This is produced by a disintegration of the corpuscles occurring 
in the circulation, and the most frequent cause of this is a disease 
allied to ague, which is called paroxysmal hcemoglobinuria. The 
pigment is in the condition of metheemoglobin mixed with more 
or less oxyheemoglobin, and # the speotroscope is the means used 
for identifying these substances. 

3Pus occurs in the urine as the result of suppuration in any 

” mr 
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th A n r nar y tr act- It forms a" white sediment resembling 
that of phosphates, and, indeed, is always mixed with phosphates. 
The pus corpuscles may, however, be seen with the microscope ; 
their nuclei are rendered evident by treatment with 1 per cent, 
acetic acid, and the pus corpuscles are seen to resemble white 
blood corpuscles, which, in fact, they are in origin. 

Some of the proteid constituents of the pus colls—and the 
same is true for blood—pass into solution in the urine, so that 
the urine pipetted off from the surface of the deposit gives the 
tests for albumin. 

(hi the addition of liquor potassso to the deposit of pus cells, a 
ropy gelatinous mass is obtained. This is distinctive. Mucus 
treated in the same way is dissolved. 


CHAPTER LIII. 

THE SKIN. 

The skin is composed of two parts, epidermis, or cuticle, and 
derviisj or cvM±yeni. In connection with the skin we shall also 
have to consider the nails, the hairs with their sebaceous glands, 
and-the^sw e at- gla jads. 

The Epidermis is composed of a large number of layers of 
cells; it is a very thick stratified epithelium. XM deeper layer s 

are- protop lasmic, and form the rete mucosum^ or . Malpighian 

taper* : the surface laversare hard a iid horn y; this homy layer 
is the thickest part of the epidermis, and is specially thick on 
the palms and soles, where it is subjected to most friction. The 
deepest layers of the Malpighian lay er a re columnar ip shap e ; 
the layers next to this are com poscd^oT polyhe dral cells, which 
l)ecome ’flatter'''as they approach the homy "layers. Between 
these cells arc fine intercellular passages, bridged across by fine 
protoplasmic processes, which pass from cell to cell; the channels 
between the cells serve for the passage of lymph. It is in the 
cells of the Malpighian layer that pigment granules are deposited 
in the coloured races. 

Between the homy layer and tfce Malpighian layer are two 
intermediate strata, in which the transformation of protoplasm 
into homy material (keratin) is taking place. In the first of 
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these-—that is, the one next to the Malpighian layer, the cells 
are flattened, and filled with large granules of eleid i n, an in ter¬ 
mediate subBtance Jn-.the 4 Qg«ratie»-ef horn. TKislayer is called 
the stratum gra/nvlosug i. 

Above this are several layers of clear, more rounde dcellg, 
which constitute the s tratum, lucidum; and above this the horny 
layer proper, many strata deep, begins. The cells become more 



Fig. 572.—Vertical section of the epidermis of the prepuce, a, stratum comeum, of very 
few layers, the stratum lucidum and stratum granulosum not being distinctly repre¬ 
sented; b, c, d, and e, the layers of the stratum Malpighii, a certain number of the 
cells in layers d and t showing signs of segmentation; it consists chiefly of pnckle 
cells; g, cells in cutis vora. (Cadiat.) 

and more scaly as they approach the surface, where they lose 
their nuclei and eventually become detached. 

The epidermis grows by a multiplication of the deepest layer 
of cells (fig. 5 7 2, e); the newly-formed cells push towards the 
surface those previously forded, in their progress undeigoing the 
transformation into keratin. 

The epiderm i s has no blood-vess els; nerve-fibrils pass into its 
deepest layers, and ramify betwe en the Mis. 

~TEe Dermis is composed of dense fibrous tissue, which be- 
comea looser and more reticular in its deeper part, where it passes 
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by insensible degrees into the areolar and adipose tissue of the 
subcutaneous region. The denser superficial layer is very vascu¬ 
lar, and is covered with minute papillae; the epidermis is moulded 



over these, and in the palms 
.and soles, where the papillae 
are largest and are disposed 
rows, their presence is 
indicated by the well-known 
ridges on the surface. 

The papillaj contain l oops of capil ¬ 
laries, and in some cases, especially 
in the palm of the hand and fingers, 
they.contain tactile corpuscles (p. 285). 
Special 'capillary^hetworlTs are distri¬ 
buted to the sweat-glands, sebaceous 
swea£giand. IX Subcutaneous glands, and hair follicles, 
with hair^papiiine. (Klein.) The deeper portions of the dermis 

. in the scrotum, pehis, and nipple, con¬ 
tain involuntary muscular tissue; there is also a bundle oi 
muscular tissue attached to each hair follicle. 

The Kails are thickenings of tfie stratum luoidum . Eaoh 
Iks in a depression calleH~the bed oflJ^nail, $he posterior part 
of which is overlapped by epidermis, and called the nail-groove. 


573.—Vertical section of skin. 
A. Sebaceous gland opening 
into hair follicle. B. Muscu¬ 
lar fibres. C. Sudoriferous or 
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The dermis beneath is beset with longitudinal ridges instead of 
papillae; these are very vascular; in the lunula, however* the 
crescent at the base of the nail, there are papillae, and this part 
is not so vascular. 

The Hairs are epidermal growths, contained in pits called 



Kg. 574.—Surface of a white hair, magnified 160 diameters. The wavy lines mark the 
igperor free edges of the cortical scales. B, separated scales, magnified 3s 0 diameters. 

hairfolliclex. The part within the follicle is called the root of 
the hair. 

The main substance of the hair is composed o f pig mented 
horny fibrous material, in reality long fibrillated cells. ft is 


rt be d e 



Kg. 575.—Longitudinal section of a hair follicle, a and b, external root-sheath; e, internal 
root-sheath; d, fibrous layer of the hair; e, medulla; /, hair papilla; g, blood-vessels 
of the hair*papilla; A, dermic coat. (Cadiat.) 

covered by a layer of scales imbricated upwards (h air cuticle). In 
many hairs the centre is occupied by a medulla, formed ol' 
rounded cells containing eleidin granules. Minute air-bubbles 
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may be present in both medulla and fibrous layer, and cause the 
hair to look white by reflected light. The grey hair of old age, 
however, is produced by a loss of pigment. 

The root is enlarged at its extremity into a knob , into which 
projects a vascular papilla from the true skin. 

The hair follicle consists of two parts, one continuous with the 
epidermis, called the root-sheath, the other continuous with the 



Fig. 576.—Transverse section of a hair and hair-follicle made below the opening of the 
Bebaneous gland, a, medulla or pith of the hair; b, fibrous layer; e, cuticle; d, 
Huxley’s layer; e, Henle’s layer of internal root-sheath; f and g, layers of external 
root-sheath, outside of g is the basement membrane; h, fibrous coat of hair sac; 
i, vessels. (Cadiat.) 

dermis, called the dermic coat. The two are separated by a 
basement membrane caHetTtire' ^ya/me layer of the follicle. The 
root-sheath consists of an outei' layer ol dills like the Malpighian 
layer of the epidermis, with which it is directly continuous 
(outer root-sheath), and of an inner horny layer ( inner root-sheath), 
continuous with the horny layer~of'~tTie epictermiil "The inner 
root-sheath consists of three layers, the outermost, being com-, 
posed of long, non-nucleated cells (Henle’s layer), the next of ! 
squarish nucleated cells ( Huxley's lajjkr), an3TtHe"'third is a cuticle! 
of scales, imbricated downwards, wKich fit over the scales olHEhe/ 
cuticle of the hair itself. 
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A Small bundle of plain muscular fibres is attached to each 
follicle (fig. 573). When it contracts, as under the influence ' of 
cold, or certain emotions such as fear, the hair is erected and the 
whole skin is roughened (“goose skin”). The nerves supplying 
these muscles are called pilomotor nerves. 

The sebaceous glands (figs. 573 and 577) are small saccular 



577.—Sebaceous gland from human skin. (Klein and Noble Smith.). 


glands, with ducts opening into the upper portion of the hair 
follicles. The secreting cells become charged with fatty matter, 
which is discharged into the lumen of the saccules owing to the 
disintegration of the cells. The secretion, sebum, contains 
isQc hplesterin in additi on to fatty matter. IF acts as a lubricant 
to the hairs. 

The sWAat-glands are abundant over the whole human skin, 
but are most numerous where hairs are absent on the palms and 
soles. Each consists of a coiled tube in the deepest part of 
the der mis pthh’ duct froin '^hich ' passes" lYpihrbugh the dermis, 
£u 3 "by a corkscrew-like canal through the epidermis to the 
surface. ; 
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The secreting tube is lined by one or two lay ers of cubical or 
columnar cells; outside this is a layer of longitudinally arranged 
muscular fibres, and then a basement-membrane. 

TTKmnctr is of similar structure, except that there is usually 
but one layer of cubical cells, and muscular fibres are absent 



Fig. 578.—Terminal tubules of sudoriferous or sweat-glands, cut in various directions 
from the skin of the pig’s ear. (V. 11 . Harris.) 


the passage through the epidermis has no proper 'tvall; it is 
merely a channel excavated between the epidermal cells. 

The ceruminous glands of the ear are modified sweat-glands. 


The Functions of the Skin. 

Protection. —The skin acts as a protective organ, not only by 
mechanically covering and so defending internal structures from 
external violence, but more particularly in virtue of its being an 
organ of sensation (see p. 282 et mj.). 

Heat Regulation. —See Chapter LV. 

Respiration. —A small amount of respirato ry interchange of 
gases occurs through the skin, but jii thick-skinned animals this 
is v ery small. In man, the carbonic acid exhaTedTiy the skin is 
about -j g-g- to of that which passes from the lungs. But in 
thin-skinned animals, like frogs, cutaneous respiration is very 
important; after the removal of the lungs of a frog, the 
respiratory interchange through the skin is sufficient to keep the 
animal alive, the amount of carbonfb acid formed being about 
half as much as when the lungs are present (Bischoff). 

Absorption. —This also is an unimportant function ; but the 
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skin will in a small measure absorb materials placed in contact 
with it; thus in some cases infants who will not take cod-liver 
oil by the mouth, can yet be dosed with it by rubbing it into the 
skin. Many ointments also are absorbed, and thus general effects 
produced by local inunction. 

Secretion. —The secretions of the skin arc two in number. 
The sebum iB th e natural lubricant of the hairs. The sweat is an 
operation. The secretion of sweat is an important function of 
the skin, and we will therefore discuss it at greater length. 


The Sweat. 

Physiology of the Secretion of Sweat. —We have seen that 
the sweat-glands are most abundant in man on the palms and 
soles, and here the greatest amount of perspiration occurs. 
Different animals vary a good deal in the amount of sweat they 
secrete, and in the place where the secretion is most abundant. 
Thus the ox perspires less than the horse and sheep ; perspiration 
is absent from rats, rabbits, and goats; pigs perspire mostly on 
the snout; dogs and cats on the pads of the feet. 

As long as the secretion is small .. im..amount, it is evaporated 
from the surf ace at once; this is called insensible perspiration. 
As soon as the secretion is increased or evaporation prevented, 
drops appear on the surface of the skin. This is known as 
j ensild e perspiration. The relation of these two varies with the 
temperature of the air, the drier and hotter the air, the greater 
being the proportion of insensible to sensible perspiration. In 
round numbers the total amount of sweat secreted by a man is 
two po unds in the twenty-four hours. 

The amount of secretion is influenced by two sets of nerv< 3 s: (1) 
the vaso-mo tor nerves ; an increase in the size of the skin-vessels,, 
leading to increased, a constriction of the vessels to diminished,’ 
perspiration. There are also special secretory fibres, stimulation 
of which causes a secretion even when the circulation is suspended, 
as in a recently amputated limb. These fibres are paralysed 
by atropine. They are contained in the same nerve-trunks as 
the vaso-motor nerves, as are also the nerve-fibres which supply 
the plain muscular fibres of the sweat-glands which act during the 
expulsion of the secretion. The secretory nerves^Jp£- 4 ho._ lower 
limbs.,issue from the spinal cord by the last two or three dorsad 
and first two or four l\unbar*nerves (in the cat); they pass to the 
abdominal sympathetic and thence to the sciatic nerve. They 
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are controlled by a centre in the upper-lumbar region of the cord; 
those f or th e up per li mbs leave the cord by the fifth and sixth 
cervical roots and ultimately paSs to the ulnar and median nerves; 
they are controlled by a centre in the cervical enlargement of the 
cord. The secretory fibr es for the head pass in the cervical 
sympathetic, and Tif some branches of the fifth cranial nerves. 

iftnt.rftfi ^a.rr> dpminfltfod by one in the m edul la 


obtained 
I 


by 


oblongata (Adamkiewicz). These facts have been 
experiments on animals (cat, horse) 

^ The sweat-centres^ may be e xcited directly by venous bloo d, as 
in asphyxia; or by ov er-heated blbo a (ovtsr 45 0 C.); or by certain 
drug s (see further); or reflexly by stimulation of the crural and 
peroneal nerves. ~ “ " 

Nervous diseases are often accompanied with disordered sweat¬ 
ing ; thus unilateral perspiration is seen in some cases of 
hemiplegia; degeneration of the anterior nerve-cells of the cord 
may cause stoppage of the secretion. It is sometimes increased 
in paralysed limbs. 

The changes that occur in the secreting cells have been 
investigated by Renaut in the horse. When., charged they arc 
clear and swollen, the nucleus being situated near their attached 
ends; when discharged they are smaller, granular, a n d their 


nucleus is more central. 

The sweat, like the urine, must be regarded as an excretion, 
the secreting cells eliminating substances formed elsewhere. 

Composition of the Sweat. —Sweat may be obtained in 
abundant quantities by placing the animal or man in a closed 
hot-air bath, or from a limb by enclosing it in a vessel made air¬ 
tight with an elastic bandage. Thus obtained it is mixed with 
epidermal scales, and a small quantity of fatty matter from the 
sebaceous glands. The continual shedding of epidermal scales is 
fn reality" an excretion, of which t hey are chi efly 

composed, is rich in sulphur, and, consequently, this is one means 
by which sulphur is removed from the body. 

The reaction of sweat is acid, and the acidity, as in the urine, is 
due to acid sodium phosphate la. pro fuse sweating, however, 
the secretion usually becomes alkaline or neutral. It has a 
peculiar and characteristic odour, which varies in different parte 
of the body, and is due to volatile fatty acids; its taste is saltish, 
its specific gravity about 1005. 

In round numbers the percentage of solids is 1*2, of which o‘g 
is organic matter. : The following table is a compilation from 
several analyses :-*• 
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Water . 98 88 per cent 

Solids. . ri2 

Salts . . o - S7 

NaCl . . o-22toio’33 ' 

Other salts . o - i8 

Fats . . 041 

Epithelium. C17 .. 

Urea . . o'o8 

The salts are in kind and relative quantity very like those of 
the urine. Funke was anable to find any urea, but most other 
observers agree on the presence of a minute quantity. It appears 
to become quickly transformed into ammonium carbonate. The 
proteid which is present, is probably derived from the epithelial 
cells of the epidermis, sweat-glands, and sebaceous glands, which 
are suspended in the excretion ; but in the horse there is albumin 
actually in solution in the sweat. 

Abnormal, Unusual, or Pathological Conditions of the 
Sweat. — Drugs. —Certain drugs (sudorifics) favour sweating, e.g. 
pilocarpine, Calabar bean, strychnine, picrotoxiue, muscarine, 
nicotine, camphor, ammonia. Others diminish the secretion, e.g. 
atropine and morphine in large doses. 

Large quantities of water, by raising the blood-pressure, 
increase the perspiration. 

Some substances introduced into the body reappear in the 
sweat, e.g. benzoic, tartaric, and succinic acids readily, quinine 
and iodine with more difficulty. Compounds of arsenic and 
mercury behave similarly. 

Diseases. —Cystin lias been found in some cases, dextrose in 
diabetic patients; bile-pigment in those with jaundice (as evi¬ 
denced by the staining of the clothes); indigo in a peculiar 
condition known as chromidrosis ; blood or hsematin derivatives 
in red sweat; albumin in the sweat of acute rheumatism, which 
is often very acid; urates and calcium oxalate in gout; lactic 
acid in puerperal fever, and occasionally in rickets and scrofula. 

Kidney Diseases .—The relation of the secretion of the skin to 
that of the kidneys is a very close one. Thus copious secretions 
of urine, or watery evacuations from the alimentary canal, coincide 
with dryness of the skin ; abimdajit_pers.piratiqn and scanty Urine 
gen eral ly go toget her. In the condition known as urdemia, when 
the kidneys secrete little or no urine, the percentage of urea rises 
in the sweat; the sputum And the saliva also contain urea under 
those circumstances. The clear indication for the physician in 
such cases is to stimulate the skin to potion by hot-air baths and 


(.alkaline sulphates, phosphates, 
lactates, and potassium chlo¬ 
ride) ■ 

(including fatty acids and iso- 
cholesterin) 
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pilocarpine, and the alimentary canal- by means of purgatives. 
In some of those cases the skin secretes urea so abundantly that 
when the sweat dries on the body, the patient is covered with a 
coating of urea crystals. 

Varnishing the Skin .—By covering the skin of such an animal 
as a rabbit with an impermeable varnish, the temperature is 
reduced, a peculiar-tmin^ set up, andoiltimately the 

animal dies. If, however, cooling be prevented by keeping such 
an animal in warm cotton-wool, it lives longer. Yawiishing^ihe 
human skin does not seem to be dangerous. Many explanations 
Have TTeen offered ' to explain the peculiar condition observed in 
animals ; retention of the sweat would hardly do it ; the blood is 
not found post mortem to contain any abnormal substance, nor is 
it poisonous when transfused into another animal. Cutaneous 
respiration is so slight in mammals that stoppage of this function 
cannot be supposed to cause death. The animal, in fact, jlies^of 
cold; tiie normal-functio n of the skin in regulating temperature 
is interfered wit It by injury to its vaso-motor nerves, and itisonly 
animals with delicate skins which arc thus affected. 


CHAPTER LIV. 

GENERAL META I OL1SM. 

The word metabolism has been often employed in the preceding 
chapters, and, as there explained, it is used to express the sum 
total of the chemical exchanges that occur in livin g tissues. The 
chemical changes have been considered separately under the 
headings Alimentation, Excretion, Respiration, &c. We have now 
to put our knowledge together, and consider these subjects in 
their relation to one another. 

The living body is always giving off by the lungs, kidneys, and 
skin the products of its combustion, and is thus always tending 
to loso weight. This loss is compensated for by the intake of 
food and of oxygen. For the material it loses, it receives in 
exchange fresh substances. If, as in a normal adult, the income 
is exactly equal to the expenditure, the body-weight remains 
constant. If, as .in a growing child, the . income exceeds the 
expenditure, the body gains weight; and if, as in febrile condi- 
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tions, ,or during starvation, the expenditure exceeds the income, 
the body wastes. 

The first act in the many steps which constitute metabolism is 
the taking of food, the next digestion of that food, the third 
absorption, and the fourth assimilation. In connection with 
these subjects, it is important to note the necessity for a mixed 
diet, and the relative and absolute quantities of the various 
proximate principles which are most advantageous. Assimilation 
is a subject which is exceedingly difficult to describe; it is th e 
+ Ka hying ^i ssues ill sele cting, app ropriati ng, and makin g 
part ofjUmmsnlxea the substances brought to them by the nutrient 
blood-stream -from the lungs on the one hand, and the alimentary 
can al on the other. The chemical processes involved in some of 
these transactions have been already dwelt on in connection with 
the functions of the liver and other secreting organs, but even 
there our information on the subject is limited; much more is 
this the case in connection w r ith other tissues. Assimilation, orj 
the building up of the living tissues, may, to use Gaskell’sl 
expression, be «] >oken of as anabolic. 

Supposing the body to remain in the condition produced by 
these anabolic processes, what is its composition ? A glance 
through the chapters on the cell, the blood, the tissues, and the 
organs will convince the inquirer that different parts of the body 
have very different compositions ; still, speaking of the body as a 
whole, Volckmatm and Bischoff state that it con tains fi 4 . I 

of water, 1 6 of pr oteida (including gelatin), 14 of fat, 5 of salt/ 
and 1 of carbohydrates. The carbohydrates are thus the 
smallest constituent of the body; they are the glycogen of the 
liver and muscles, and small quantities of dextrose in various 
parts. 

The most important, because the most .abundant of the "tissues 
of the body, is the muscular tissue. Muacle^forma ^ahont, /] ? p er 
QOtttr-of-t hc body ^wlftgtfl^* and contains, in round numbers, 75 
per cent, of water aud 21 per cent, of proteids; thus about half 
the proteid material and of the water of the body exist in its 
muscles. 

The body, however, does not remain in this stable condition; 
even while nutrition is occurring, destructive changes are taking 
place simultaneously; each cell may be considered to be in a 
state of unstable equilibrium, undergoing anabolic , or co nstruc tive 

* The following is in round numbers the percentage proportion of the 
different structural elements of the body: skeleton, 16 ; muscles, 42 ; fat, 
18 ; viscera, 9; skin, 8 ; brain, 2 ; blood, 5. . 
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PVn r, » aantJ on the one hand, and destructiv e or 
on the other. Tjnxhat abolic ser ies of phenomena commences with 
combustion j the union of oxygen wrtli"~carBon~tO' form CSrBSnio 
acid, with hydrogen to form water, with nitrogen, carbon, and 
. hydrogen to form urea, uric acid, creatinine, and other less 
important substances of the same nature. The formation of these 
last-mentioned substances, the nitrogenous metabolites, is, how¬ 
ever, as previously pointed out, partly synthetical. The discharge 
of these products of destructive metabolism by the expired air, 
the urine, the sweat, and ffeces is what constitutes excretion ; 
excretion is the final act in the metallic round, and the com¬ 
position of the various excretions have been considered in some 
of the later chapters of this book. 

An examination of the intake (food and oxygen) and of the 
output (excretion) of the body can be readily made; much more 
readily, it need hardly be said, than an examination of the inter¬ 
mediate steps in the process. A contrast between the two can be 
made by means of a balance-sheet. A familiar comparison may 
be drawn between the affairs of the animal body find those of a 
commercial company. At the end of the year the company 
presents a report in whicli its income and its expenditure are 
contrasted on two sides of a balance-sheet. This sheet is a 
summary of the monetary affairs of the undertaking ; it gives Tew 
details, it gives none of the intermediate steps of the manner in 
which the property has been employed. This is given in the 
preliminary parts of the report, or may be entered into by still 
further examining the books of the company. 

In the parts of this book that precede this chapter 1 have 
endeavoured to give an account of the various transactions that 
occur in. the body. I now propose to wind up by presenting a 
balanoe-sheet. Those who wish still further to investigate the 
affairs of the body may do so by the careful study of works on 
physiology ; still, text-books and monographs, however good, will 
teach one only a small amount; the rest is to be learnt by 
practical study and research ; and we may compare physiologists 
to the accountants of a commercial enterprise, who examine into 
the details of its working. Sometimes, in business undertakings, 
a deficit or some other error is discovered, and it may be that the 
source of the mistake is only found after careful search. Under 
these conditions, the accountants should be compared to 
physicians, who discover that something is wrong in the working 
of the animal body ; and their object«should be to discover where, 
in. the metabolic cycle, the mistake has occurred, and subsequently 
endeavour to rectify it. 
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The'construction of balance-sheets for the human and animal 
body may be summed up in the German word Stoffwechsel, or 
“exchange of material.” A large number of investigators have 
applied themselves to this task, and from the large mass of 
material published, it is only possible to select a few typical 
examples. The subject has been worked out specially by the 
Munich school, under the lead of Pettenkofer and Voit. 

The necessary data for the construction of such tables are :— 

(1) The weight of the animal before, during, and after the 
experiment. 

(2) The quantity and Composition of its food. 

(3) The amount of oxygen absorbed during respiration. 

(4) The quantity and composition of urine, faeces, sweat, and 
expired air. 

(5) The amount of work done, and the amount of heat 
developed. (The subject of animal heat will be considered in the 
next chapter.) 

Water is determined by subtracting the amount of water in¬ 
gested as food from the quantity lost by bowels, urine, lungs, and 
skin. The difference is a measure of the katabolism of hydrogen. 

Nitrogen .—The nitrogen is derived from proteids and albumi¬ 
noids, and appears chiefly in the urine as urea and uric acid. 
Minute quantities are eliminated as similar compounds in sweat 
and feeces. From the amount of nitrogen so found, the amount 
of proteids which have undergone katabolism is calculated. 
Proteids contain, roughly, 16 per cent, of nitrogen ; so r part of 
nitrogen is equivalent to 6*3 parts of proteid ; or 1 gramme of 
nitrogen to 30 grammes of flesh. 

Fat .—Subtract the carbon in the metabolised proteid (proteid 
contains 54 per cent, of carbon) from the total carbon eliminated 
by lungs, skin, bowels, and kidney, and the difference represents 
fat that has undergone metabolism. Fat contains 7 6'5 per cent, 
of cai%on ; hence the carbon, which represents fat, multiplied by 
1 - 3, gives the amount of lcatabolised fat. 


The Discharge of Carbon. 

The influence of food on the rate of discharge of carbonic acid 
is immediate. The increase after each meal, which may amount 
to 20 per cent., reaches its maximum in about one or two hours. 
This effect is most markecl when the diet consists largely of 
carbohydrates. 

About 95 per cent, of the carbon discharged leaves the organism 

K.P. 3 B 
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as carbonic acid. The total insensible loss (= carbonic acid 4 - 
water given off—oxygen absorbed) amounts in man to about 25 
grammes per hour. Of this total hourly discharge of carbonic 
acid, less than o - 5 per cent, is cutaneous. The hourly disch arge 
c»f__caib£mic -acid in. a man at rest is about 32 gram mes , the 
weight of oxygen absorbed being 25 to 28 grammes in the same 
time. The hourly discharge of watery vapour is -about 20 
gramm es. ' ~ v ~ 

As a volume of carbonic acid (CO.,) contains the same weight of 
oxygen as an equal volume of oxygen (0 2 ), it is obvious that, if 
all the absorbed oxygen were discharged as carbonic acid, the 

‘ respiratory quotient’(by volume) = ex P? r e 5 * would be equal 

0 2 absorbed 

to 1. This, however, is not the case, the volume of oxygen 
absorbed being in excess of the carbonic acid discharged. In 
animals fed exclusively on carbohydrates (this would only be 
possible for a short time) equality is approached. The excess of 
oxygen is greatest when the diet consists largely of fats. 

On a mixed diet, comprising 100 grammes of proteid, 100 of 
fat, and 250 of carbohydrates, with a carbonic acid discharge of 
770 grammes daily, and a daily assumption of 666 grammes of 
oxygen, 560 grammes of the oxygen are discharged in the carbonic 
acid, about 9 in urea, and 97 grammes in the form of w r ater (of 
which 78 grammes are formed from the hydrogen of the fat) ; 
the respiratory quotient is then 0 84. In hibernation the 
respiratory quotient sinks lower than in any other known con¬ 
dition (often less than oy), for the animal then lives almost 
entirely on its own fat. The d jacbaxge . of ..carbonic ..acid is in¬ 
creased by muscular work, and the respiratory quotient also rises. 
"D lminjation of the surrounding temperature causes increased dis- 
ch argfe of carbonic acid. (These points are all discussed more 
fully in Chapter XlX.) 


The Discharge of Nitrogen. 

In man the minimum daily allowance of nitrogen is 15 
grammes, or 0'02 per cent, of the body-weight; in the carnivora 
about o'1 per cent.; in the ox, as an instance of a herbivorous 
animal, 0*005 per cent. In certain races of mankind ( e.g. coolies) 
the nitrogen requirement is less than in Europeans. The reason 
why this is so is not understood., 

Some recent experiments by Hirsdhfeld have shown that for a 
short time nitrogenous equilibrium can be maintained on a 
smaller daily supply of nitrogen than 15 grammes. But experi- 
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merits extended over a longer time have shown that sooner or, 
later the body begins to waste if the 15 grammes daily are not 
supplied in the food. 

In an animal fed exclusively on flesh the discharge of nitrogen 
at first increases pari passu with the absorption of proteid, the 
absorption of oxygen being proportionately increased at the same 
time. The animal, however, gains Weight from increase of fat, 
the proteid being split into what is called a nitrogenous moiety, 
which is burnt off, and a non-nitrogenous moiety which is con¬ 
verted into fat. '. 

The discharge of nitrogen is not immediately or markedly 
influenced by muscular work (see p. 707) ; the increased com¬ 
bustion that occurs in working as compared with resting muscles 
falls chiefly on their non-nitrogenous constituents. 

Balance of Income and Discharge in Health. 

In Chapter XLIII. tables are given of adequate diets ; these 
will in our balance-sheets represent the source of income; the 
other side of the balance-sheet, the expenditure, consists of the 
excretions. 

Exchange of Material on an Adequate Diet 
(Ranke’s table).* 


i 

Income. I Expenditure. 


Foods. 

Nitrogen. ! 

Carbon. 

Excretions. 

Nitrogen. 

Carbon. 

Proteid . 100 gr. 

r ~ " i 

* 5*5 f? r - ; 

53-0 gr. 

Urea • 3i’5gr. 

} x 4'4 

. 616 

Fat . 100 .. 

OO 

79 0 ., 

Uric acid 0-5 

Carbohy¬ 

1 j 

Faeces 

II 

10-84 

drates . 250 „ 

| 0-0 

93 '° - 

Respiration(C 0 2 ) 

0-0 

20800 


; -: 

2250 „ 


15-5 

225-00 


In man the discharge of nitrogen per kilo, of body-weight is 
o-21 gramme, and of carbon 3-03 grammes, the quotient 
C 

^ = 14-5. In carnivorous animals, which, according to Bidder 

* The above table was constructed from data derived from the observa¬ 
tions of Prof. Ranke on himself. Though made many years ago, they still 
serve as typical and standard examples of metabolic balance-sheets. 
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c 


and Schmidt, use 1*4 N and 6-2 C per kilo, per diem, ^ = 4-4 


C 

In the human being 011 a flesh diet ^ = 5'2, the exchange thus 

approaching the condition of the carnivora. This is illustrated 
by the following balance-sheet (Ranke) :— 


Income. 


, 

: 

Expenditure. 



Nitrogen. 

Carbon. 

! * 

1 c 


Nitrogen. 

Carbon. 

Food . 

• 62-3 gr. 

2796 

Discharged 

by 



Disintegration 

excretion 


440 

2630 

of tissues . 

• ! — 

45 "9 

i Retained in store 

1 

IS'3 

62-5 


! 62-3 

325 5 

! 

i 


62-3 

3250 


The details of the above experiment may be given as illus¬ 
trating the method of working out a problem in exchange of 
material: 1832 grammes of meat used as food yielded 3-4 per 
cent, of nitrogen, i.e. 62-3 gr., and 12-5 per cent, of carbon, i.e. 
229-3 7° gr- of fat added to the food yielded 72 per cent, of 

carbon, i.e. 50-3 gr. : 229-3 + 50-3 = 279-6 = total carbon in 
food. During the same period 86-3 gr. of urea were discharged, 
containing 46-6 per cent., i.e. 40-4 gr. of nitrogen, and 20 per 
cent., i.e. 17-3 gr. of carbon, to which must be added 2 gr. of 
uric acid, containing 33 per cent., i.e. o-66 gr. of nitrogen, and 
35 per cent., i.e. 0-7 gr. of carbon. Further, 2-9 gr. of nitrogen 
and 14 gr. of carbon were discharged in the feces, and 231 gr. 
of carbon as carbonic acid in the expired air. Hence the total 
discharge of nitrogen = 40-44-0-664-2-9 = 44 gr., and the total 
discharge of carbon =17-34-0-74-144-231 = 263 gr. Deducting 
the quantity of nitrogen discharged from that taken in, 18-3 gr. 
must have been retained in the body, as 108 gr. of proteid, and 
consequently 53 per cent, of that weight = 62-5 gr. of carbon, 
were also retained. Comparing the quantity of carbon disposed 
of in the twenty-four hours with the quantity introduced as food, 
we find the latter is in excess by 45-9 gr., which must have been 
derived froin the disintegration of the fat of the body. 

-Another table of exchange of material on adequate diet may 
be quoted from the work of Petterikofer and Voit. This takes 
into account the elimination of water as well as of carbon and 
nitrogen. In the first experiment the man did no work. 
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Income. 

Expenditure. 

Food. 

Nitrogen. Carbon. 

Excre¬ 

tions. 

Nitrogen. Carbon, j Water. 

! Proteid. 137 gr. 
i Fat . 117 ,, 

1 Carbohy- 
! drate. 352 „ 
Water . 2016 „ 

1 

) : 

> 19-5 , 315*5 

Urine . 
Faeces . 
Lungs . 

i 

1 

1 

| 

174 127 1279 

2-1 14*5 j 83 

— 248-6 | 828 

195 2758 2190 


4 

Here the body was ift liitrogeuous equilibrium, and it elimi¬ 
nated more water than it took in by 174 grammes, this being 
derived from oxidation of hydrogen. It stored 39-7 grammes of 
carbon, which is equivalent to 5 2 grammes of fat. 

The next table gives the results of an experiment on the same 
man on the same diet, but who did aetive muscular work during 
the day :— 


Expenditure. 

Nitrogen. 

Carbon. 

Water. 

Urine . 

I7’4 

I2’6 

1194 

Faeces 

. . 21 

14*5 

94 

Lungs . 

— 

309 2 

1412 


19*5 

3363 

2700 


It is important to notice that the discharge of nitrogen was 
unaltered, while that of both carbon and hydrogen was increased. 


Inanition or Starvation. 

The income from without is, under these circumstances, nil; 
expenditure still goes on, as a result of the disintegration of the 
tissues ; the amount of disintegration is measured by the dis¬ 
charges in the manner already described. The following table 
from Ranke’s experiment on himself represents the exchange for 
a period of twenty-four hours, twenty-four hours having elapsed 
since the last meal. 


Disintegration of tissue. 

Expenditure. 

— 

Nitrogen, j Carbon. 

— t Nitrogen. Carbon. 

Proteid. 50 gr. 

7*8 26-5 

i j 

I Urea . 17 gr. 1 \ 8 

! Uric acid o-2 „ ! / ' 8 8 4 

Fat . 199-6 „ 

OO 157-5 


i Respiration(CO a ') o-o 180-6 

1 

7*8 184*0 

7-8 184-0 
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The discharge of nitrogen per kilo, of body-weight was reduced 

C 

to o‘i, jjj being 23-5. In carnivorous animals : in prolonged 

C 

inanition, the discharge of nitrogen per kilo, is o‘9 and = 6 6. 

Duri ng st arvation the man or animal gradually loses weight, 
the temperature, after a preliminary rise, sinks ; the functions 
get weaker by degrees, and ultimately death ensues, the total 
weight lost being from 03 to o‘5 of the original body-weight. 

The age of the animal influences tfye time at which death 
occurs, old animals withstanding the < 3 ffects of hunger better than 
young ones. This statement was originally made by Hippocrates, 
and was borne out by the experiments of Martigny and Chossat. 
Young animals lose weight more quickly, and die after a smaller 
loss of weight, than old ones. 

The excretion of nitrogen falls quickly at the commencement 
of an experiment; it reaches a minimuirr^rhlcTTremaihs constant 
for several days; it then rises when the fat of the animal has 
been used up, and then quickly falls with the onset of symptoms 
of approaching death. 

The sulphates and phosphates in the urine show approximately 
the same series of changes. 

The discharge of carbonic acid and the intake of oxygen fall, 
but not so quickly as the body loses weight; it is not until quite 
the last stages that these are small in proportion to one another. 

The faeces become smaller and smaller in quantity until no 
discharge from the rectum occurs at all. 

The amount of bile secreted also falls; but bile is found in 
the gall-bladder and intestine after death. 

Taking the total loss of w'eight as 100, the loss due to that of 
individual organs may be stated as follows (Voit) :— 

Bone . . 5-4 Pancreas . . on Brain and cord . o'i 

Muscle . . . 42-2 Lungs . . . 03 Skin and hair . . 8 8 

Liver . . 4*8 j Heart . . o - o Fat . . 26 2 

Kidneys . . . o - 6 Testes . . ou Blood . -37 

Spleen . . . o*6 Intestine . . 2‘o Other parts . . 5 0 

Some organs thus lose but little weight; the loss of weight is 
greatest in the muscles, fat, skin, liver, and blood. , Of the 
muscles, the great pectoral muscles waste most. Death may be 
delayed somewhat by artificial warnith, but ultimately occurs 
from asthenia, sometimes accompanied by convulsions. 
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Exchange of Material with various Diets. 

The reasons why a mixed diet is necessary have been already explained 
(p. 616). Numerous experiments have, however, been made in the study of 
metabolism on abnormal diets. 

Feeding with meat .—As the chief solid in meat is proteid, one must take 
either too much nitrogen or too little carbon. The principle that underlies 
Banting's method of treating obesity is to give meat almost exclusively : the 
individual then derives the additional supply of carbon necessary for com¬ 
bustion from his own adipose tissue. We have already seen that this may 
be and often is counteracted by the laying on of fat which comes from the 
non-nitrogenous moiety of the proteid 

Feeding with fat .—If an animal receives fat only, themitrogenaua excreta, 
aye-derived-from the disintegration..of _ jj.saue without any corresponding 
supply of nitrogen beine supplied in exchange in the food. When fat only 
is given, or a large excess or fat exists in the food, the respiratory quotient 
falls. F. Hofmann fed a dog on a mixture of a large amount of fat and a 
small amount of proteid. After death the quantity of fat found in the body 
was such that only a small part could have been'derived from the proteid, 
the greater amount being directly derived from the fat of the food. The 
animal, moreover, lays on fat in which palmitin, stearin, and olein are 
mixed in a definite proportion : this proportion is often different in the fat 
of the food. In addition to this an animal will fatten (laying on fat with 
its usual composition) on fatty food, such as spermaceti, which contains no 
glycerides. 

Feeding with carbohydrates. —TWi-ppp iratory quotient approach es unity 
wjignjajcbohydrates aloae..ar®,taken. So far as regards'lliirogen tTiirSTIfHfal 
is in a state of inanition, as when fat alone is taken. If given in combina¬ 
tion with other foods, both carbohydrates and fat act as proteid-sparing 
foods. 

The following table is from Pettenkofer and Voit, and illustrates what 
happens in a dog on a mixed diet of flesh and carbohydrates. 



Food. 


| 

Changes in the body. 


Fat. 





i 

. | 

* 

tl!| 

.§1 

| Am >unt of 
’ carbohydrates 
decomposed. 

•s 

1 


•f 

s 

Starch. 

Sugar. 

1 

fill 

llf§ 

Proteid gai 
or lost by 
| body. 

Fiom fat 
food. 

Lost from 
body. 

• 

1iS 

li 

« 4-4 

o 

i 

379 ! 


*7 ! 

211 

— 211 

379 

+ 57 


24 

0 

608 ! 


22 j 

193 

-193 

608 

+ 22 

— 

22 

400 

210 j 


IO | 

436 

- 36 

210 

+ IO 

- 8 

— 

400 


227 

— 

393 

+ 7 

227 

— 

“25 

— 

400 

‘“344 i 

— 

6 i 

413 

- 13 

344 

i + 6 

— 

39 

500 

167 ; 

— 

6 

53 ° 

- 3 ° 

167 

+ 6 

— 

8 

500 

800 

— 1 

182 


537 

- 37 

182 

— 

— 

16 

379 

— 

i-t 

608 

+ 192 

379 

+ 14 

— 

55 

1500 

172 i 

— 

4 

1475 

+ *5 

172 

4 - 4 

— 

43 

1800 

379 , 

— 

10 

I)6q 

+331 

379 

+ 10 

— 

XZ 2 

2500 

! 

— 


2512 

+ 12 

0 

~~ 

"**■* 

57 


_j 


Even when the diet consists tvholly of carbohydrates, fat is laid on ; the 
fat laid on when meat and starch are both present in the food comes partly 
froSTTTie'Jirsf^ the carbohydrate of the fqod. When no 

carboByUrate"is given a£~ftll, as in the last experiment, the nitrogenous 
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metabolism is raised. Carbohydrate food is. thus when given with other 
foods both fat-sparing and proteid-sparing. The formation of fat from 
carbohydrates was first observed in pigs by Lawes and Gilbert,and has since 
been confirmed by numerous investigators. 

One of the most important instances of the carbohydrate origin of fat is 
the formation of bee’s-wax. A chemical link between carbohydrates and 
fats is the fact that butyric acid is obtainable from starches and sugars. 

Instances of the formation of fat from proteids are (i) the laying on of 
fat in carnivorous animals ; (2) the formation of adipocere, a wax-like 
material which forms in the muscles of corpses buried in damp soil, or 
allowed to remain in water ; (3) the gradually increasing quantity of fat in 
old cheeses. 

The most striking examples of the formation of fat by intracellular 
metabolic processes is seen in fatty degeneratiop. and in that special form 
of this degeneration that occurs in the formation of milk. The blood contains 
a mere trace of fat, so milk formation is no mere filtration process. Tbe 
food may, as in the case of cows, contain little or no fat. 

Feeding with gelatin. —A diet containing gelatin alone will not support 
life. This fact is somewhat remarkable when one considers the closely 
allied chemical nature of gelatin and proteids. When gelatin alone is give n 
thgbody wastes, and the urea excreted is di mi ni s'h ecTasjn inanition. LL&p 
ifinri tT of gel atin is I nverTthe urea increas es. Gelatin, however, 
like carbohydrates and fats, appears to be a ■' prSTEM-sparing ” food, and if 
given mixed with proteids seems to protect the proteids from oxidation. 
Gelatin can thus be substituted for a part of the proteid in the food. 

Feeding with peptones .—In the present day, when artificially digested 
foods are so much employed, it is of great importance that their nutritive 
value should be known. Here experimental and clinical evidence coincide 
in a most favourable way in relation to their nutritive value. 

Peptone and albumoses thus have the same nutritive value as meat, this 
result contrasting with the loss of nitrogen and body-weight when gelatin is 
employed. 


Effeot of Varying' External Conditions on Exchange of Staterial. 

Ffleet of atmospheric temperature. —In warm-blooded animals the effect 
of a low surrounding temperature is to increase katabolism, or combustion 
in the body ; the body loses more heat, and therefore more must be produce.I 
to keep the animal’s temperature within normal limits. The effect of a rise 
of atmospheric temperature is the reverse. In cold-blooded animals, i.e.. 
animals whose temperature varies with that offEe surrounding atmosphere, 
a rise or fall of the latter is accompanied respectively "wiflT'a rise'nfmTI of 
combustion in the body. 

Alterations of body-temperature. —If the changes of the external tempera¬ 
ture are so great as to cause a rise (as in steam-baths') or a fall (as in 
hibernation) of body-temperature, the metabolic changes are increased and 
decreased respectively as in cold-blooded animals. 

Ffl'ect of removal of Hood from the body. —The chief effect o£*a removal 
of blood from the body is the gpppHy-J’ ormation of new hlood-corpuscl es. 
Tfw intq. fce of oxygen and discharg e of carh pnic aril V | and the 

output of urea is "increased..' The^ nt gn8ffi l£l.JlaSL...aoi i epistaxis in s trong, 
healthy people cause no alteration in exchange of material. ’ 
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Exchange of Material in Diseases. 

Fever .—Fever is a condition in which the temperature of the 
body is raised above the normal, and the degree to which it is 
raised is a measure of the intensity of the febrile condition. A 
rise of temperature may be produced either by increased produc¬ 
tion of heat, due to the increase of katabolic processes in the 
body, or to a diminished loss of heat from the body. A'mere 
increase in the production of heat does not necessarily produce 
fever. By administering ffti excess'of food, combustion is increased 
in the body ; but in the healthy individual this does not produce 
a rise of temperature, because pari passu with the increased pro¬ 
duction, there is increased loss of heat. Similarly, diminution in 
the loss of heat, such as occurs on a hot as compared with a cold 
day, does not produce fever, because the production of heat 
within the body is correspondingly diminished. In fever there is 
increased production of heat, as is seen by the study of exchange 
of material : the intake of food is, as a rule, very small; the 
discharge of nitrogen and carbon results from the disintegration 
of tissues, which, as compared with that in simple inanition, is 
large ; the tissues are said to be in a labile condition, that is, 
they are easily broken down. In most febrile states, the skin is 
dry, the sweat-glands, like most of the secreting organs of the 
body, being comparatively inactive, and so the discharge of heat 
is lessened. The skin may, however, sometimes be bathed in 
perspiration, and yet high fever be present. The esse ntial cause 
of the high temperature is neither increased formation nor dimi¬ 
nished discharge of heat, but an int er ference w ith the reflex 
m ech apiqm, which in health operates so as to equalise the'fv?o. “ 

I ncreased nitroge nous metabolism in fever 
in pneumonia, in pysemic and in other febrile conditions. Ringer 
showed the correspondence in temperature and output of nitro¬ 
gen very clearly in intermittent fever (ague). 

What is known as the epicritical increase of urea is the greatly 
increased secretion of urea that occurs at the commencement of 
the defervescence of a fever. It is probably not due to an in¬ 
creased formation of urea, but to the removal of urea which has 
accumulated, owing to the fact that the kidneys have been acting 
sluggishly during the height of the fever. 

Increased output of carbonic acid also occurs in fever. 

Other changes noted in Ifever are a rapid loss of the liver 
glycogen, a lessening of chlorides in the urine, and often an in¬ 
crease of the urobilin in the urine. 
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The following table illustrates exchange of material in fever, 
no food being taken :— 


Income. ^ j 

DiHiD S ti0n ° f ' Nitrogen, j Carbon. ! 

• i j 

Proteid. 120 gr. . i8'6 63-6 

Fat, 2057 gr. . o'o j 157-4. 


Expenditure. I 


Excretions. 

Nitrogen. 

Carbon. 

Urea and uric 



acid, 40 gr. . 
Respiration 

18-6 

00 

ui 

(CO,#, 780 gr. 

«■ 

O’O 

2127 


18-6 

22 10 


This table should be compared with that on p. 741. 

Diabetes mellitus .—In addition to the presence of sugar in the 
urine in this disease, the most marked symptoms are intense 
thirst and ravenous hunger. As a rule, diabetic patients digest 
their food well. The thirst is an indication of the necessity of 
replacing the large quantities of water lost by the kidneys ; the 
hunger, that of replacing the great waste of tissues that occurs. 
For, not only does, the jwuifi_..CQatain -augar.Jm t, in_addition, a 
great excess of ure a and uric a,cirL The carbonic acid output is' 
somewhat smaller than in health. In health the carbohydrates, 
after assimilation, give rise, by oxidation, to carbonic acid; in 
diabetes, all the carbohydrates do not undergo this change, but 
pass as sugar into the urine. Not that all the sugar of the 
urine is derived from carbohydrates, for many diabetics continue 
to pass large quantities when all carbohydrate food is withheld ; 
undei; these circumstances, it must be derived from the destruc¬ 
tion of proteid matter (see also pp. 668, 721). 

Iiuxus Consumption. 

In former portions of this book we have insisted on the fact 
that the food does not undergo combustion, or katabolic changes, 
until after it is assimilated, that is, until after it has become an 
integral part of the tissues. Formerly the blood was supposed 
to be the seat of oxidation ; but the reasons why this view is not 
held now have been already given. When a student is first con¬ 
fronted with balance-sheets, representing metabolic exchanges, it 
is at first a little difficult for him to grasp the fact, that although 
the amount of nitrogen and carbon ingested is equal to the 




CH. LIV.] 


LUXUS CONSUMPTION. 


747 


amount of the same elements which are eliminated, yet the 
eliminated carbon and hydrogen are not derived from the food' 
direct, but from the tissues already formed; the food becomes 
assimilated and takes the place of the tissues thus disintegrated. 
Let its suppose we have a tube open at both ends and filled with 
a row of marbles; if an extra marble is pushed in at one end, a 
marble falls out at the other; if two marbles are introduced in¬ 
stead of one, there is an output of two at the other end; if a 
dozen, or any larger number be substituted, there is always a 
corresponding exit of the same number at the other end of the 
tube. This very rough* illustration may perhaps assist in the 
comprehension of the metabolic exchanges. 

The difficulty just alluded to, which a student feels, was also 
felt by the physiologists who first studied metabolism ; aud^Voj£ 
formulated a theory, of which the following is the gist: All prO- 
IdiT lukwii "THtU thtrldimentary canal appears to affect proteid 
metabolism in two ways ; on the One hand, it excites rapid disvi 
integration of proteids, giving rise to aii immediate increase ojfj, 
urea; on the other hand, it serves to maintain the more regular} 
proteid metabolism continually taking place in the body, and s« 
contributes to the normal regular discharge of urea. It has been( 
therefore, supposed that the proteid which plays the first of these 
t wo parts is not really built up into the tissues, does not be¬ 
come liVing tissue, but undergoes the changes that give rise to 
urea, somewhere outside the actual living substance. The pro¬ 
teids are therefore divided into c tiasue-proteids.’ which are actually 
built up into living substance, and ‘ flo ating or circulating pro- 
teidsj’ which are not thus built up, but by their metabolism 
outside the living substance set free energy in the form of heat 
only. It was at this time erroneously supposed that the exclusive 
use of proteid food was to supply proteid tissue element's, and 
that vital manifestations other than heat had their origin in 
proteid metabolism, the metabo lism of f ats and carbohydrates 
giving rise to heat on ly."""THence. when it was firstTurmised that 
a certain proportion of proteids underwent metabolism, which 
gave rise to heat only, this appeared to be a wasteful expendi¬ 
ture of precious material, and the metabolism of this portion of 
food was spoken of as a ‘l uxus cons umption ’ » woef ul consu mp¬ 
tion. There Were many deductions from this general'tKeofy^* to 
explain particular points; of these two may be mentioned: ( 1) 
In inanition, the urea discharged for the first few days is much 
greater than it is subsequently: this was supposed to be due to 
the fact that in the first few days all the floating capital was 
consumed; (2) the effect of feeding with a mixture of gelatin 
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and proteid was supposed to be due t6 the fact that gelatin was 
able to replace ‘floating proteid,’ but not ‘tissue proteid.’ 

This theory of Yoit’s, ingenious and plausible at first sight, 
has met with but little general acceptance, because so many 
observed facts are incompatible with it. 

Professor Michael Foster writes as follows : * The evidence we 
have tends to show that in muscle (taking it* as an instance of 
a tissue) there exists a framework of what we may call more 
distinctly living substance, whose metabolism, though high in 
quality, does not give rise to massive discharges of energy, and 
that the interstices, so to speak, of £his° framework are occupied 
by various kinds of material related in different degrees to this 
framework, and therefore deserving to be spoken of as more or less 
living, the chief part of the energy set free coming directly from 
the metabolism of some or other of this material. Both frame¬ 
work and intercalated material undergo metabolism, and have in 
different degrees their anabolic and katabolic changes ; both are 
concerned in the life of the organism, but one more directly than 
the other. We can, moreover, recognise no sharp break between 
the intercalated material and the lymph which bathes it; hence 
such phrases as “ tissue proteid ” and “ floating proteid ” are 
undesirable if they are understood to imply a sharp line of de¬ 
marcation between the “ tissue ” and the blood or lymph, 
though useful as indicating two different lines or degrees of 
metabolism.’ 

Professor Burdon-Sanderson writes as follows : ‘ The production 
of urea and other nitrogenous metabolites is exclusively a func¬ 
tion of “ living material ” ; and this process is carried on in the 
organism with an activity which is dependent on the activity of 
the living substance itself, and on the quantity of material sup¬ 
plied 'to it. No evidence at present exists in favour of a “ luxus 
consumption ” of proteid.’ 

Professor Hoppe-Seyler, after stating that he can make out no 
clear distinction between the two varieties of proteid from Voit’s 
own writings, proceeds as follows : ‘ Voit stafes that the circu¬ 
lating proteid is no other than that which is dissolved in the tissue 
juice, which is derived from the lymph-stream, and ultimately from 
the circulating blood. He (Voit) further says : “ As soon as the 
proteid of the blood-plasma leaves the blood-vessels, and circulates 
among the tissue elements themselves, it is then the proteid of the 
nutrient fluid or circulating proteid. It is no longer proteid of 
the blood-plasma, nor yet is it the proteid of the lymph-stream. ” 
The place where’Voit situates his circulating proteid is beyond the 
ken of the anatomist; it is in a mysterious space between tissue- 
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elements, blood-vessels, afid lymph-vessels; the chemist meets 
with equal difficulties, as there is apparently no chemical differ¬ 
ence between tissue proteid and circulating proteid. I can, 
therefore, arrive at no other conclusion than that these terms 
are not only useless, but unscientific, and are the outcome of 
speculations in a region where there is as yet no positive know¬ 
ledge. These criticisms on Voit’s theories do not, however, by 
any means, lessen the importance and high value of the 
immense amount of practical research carried on by Voit and his 
pupils.’ 

I have placed Professdf Foster’s view first because it takes into 
account certain facts which tend to show that there are degrees 
in metabolism. The most important of these is the formation 
of amido-acids in the intestine. The fate of tyrosine is uncertain ; 
but it is an undoubted fact that by feeding an aniriQa l on leuci ne, 
the urea is increased. The transformation of leucine into urea 
occurs "in the liver. It can hardly be supposed that leucine 
becomes to any great extent an integral part of the living frame¬ 
work of the liver cells, but like other extractives, and like 
aromatic compounds absorbed from the alimentary canal, it be¬ 
comes a part of what Foster terms the intercalated material. 
Here it undergoes the final change, and is ultimately and appa¬ 
rently very rapidly discharged in the urine. Dr. Sheridan Lea 
discussing the probable rdle of the amido-acids in the animal 
economy, compares it to the part played by the salts of the food. 
Neither salts nor extractives simply pass into the urine without 
fulfilling a useful purpose on their way; but the exact and 
specific use of each, whether on the synthetic or analytic 
side of metabolic phenomena, must be the subject of renewed 
research. 


CHAPTER LV. 

ANIMAL HEAT. 

Among the most important results of the chemical processes 
we suqx up under the term metabolism, is the production of heat. 
Heat, like niH™ TlW1 wr ork» if f the result of the... katahQ.linaidp. ofi 
metabolic process es; the result, or accompaniment, that is to 
say, of the formation of cai’bonic acid, water, urea, and other ex¬ 
creted products. 
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As regards temperature, animals may be divided into two great 
classes:— , 

(1) Warm-blooded or homoiothermal animals, or those which 
have an almost constant temperature. This class includes mammals 
and birds. 

(2) Cold-blooded or poikilothermal animals, or those whose 
temperature varies with that of the surrounding medium, being, 
always, however, a degree, or a fraction of a degree, above that of 
the medium. This class includes reptiles, amphibians, fish, and 
probably most invertebrates. 

The temperature of a man in, he&lth varies but slightly, 
being between 36’5° and 37‘5° C, (98° to 99 0 F.). Most mam¬ 
mals have approximately the same temperature : horse, donkey, 
ox, 37-5° to 38°; dog, cat, 38*5° to 39 0 ; sheep, rabbit, 38° to 
39-5° ; mouse, 40 0 C. Birds have a higher temperature, about 
42 0 C. The temperature varies a little in different parts of the 
body, that of the interior being greater than that of the surface; 
the blood coming from the liver when oxidation is very active 
is warmer than that of the general circulation ; the blood becomes 
rather cooler in its passage through the lungs. 

The temperature also shows slight diurnal variations, reaching 
a maximum about 3 p.m. (3 7‘5° C.) and a minimum about 3 a.m. 
(36‘8° C.); that is, at a time when the functions of the body are 
least active. If, however, the habits of a man be altered, and he 
sleeps in the day, working during the night, the times of the 
maximum and minimum temperatures are also inverted. Inani¬ 
tion causes the temperature to fall, and just at the onset of death 
may be below 30° C. Active muscular exercise raises the tem¬ 
perature temporarily by about 0-5° to i° C. Diseases may*cause 
the temperature to vary considerably, especially those which we 
term ’febrile (see p. 745). 

Although certain mechanical actions, such as friction, due to 
movements of various kinds, may contribute a minute share in 
the production of heat in the body, yet we have no knowledge 
as to the actual amount thus generated. The great source of 
heat is, as, already stated, chemical action, especially oxidation. 
Any given oxidation will always produce the same - amount of 
heat. Thus, if we oxidise a gramme of carbon, a known amount 
of heaj is produced, whether the element be free or in a chemical 
compound. The following figures show the approximate number 
of heat-units produced by the combustion of one gramme of the 
following substances. A-hoat-uniW-o r calorie, is the amount o f 
heat n ecessary fa u raise the te mperatureo? one gmrmne!!SI water 
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Hydrogen . . . - 345 ° 

Carbon.8100 

Urea.2205 

Albumin . . . . 4998 


Fat.9669 

Cane sugar . . . 3348 

Starch .... 3898 


It is, however, most important to remember that the * physio¬ 
logical heat-value ’ of a food may be different from the * physical 
heat-value,’ i.e., the amount of heat produced by combustion in 
the body may be different from that produced when the same 
amount of the same food is burnt in a calorimeter. This is 
especially the case with the proteids, because they do not undergo 
complete combustion in *the, body, for each gramme of proteid 
yields a third of a gramme of urea, wHTch'hgi a"c'OHSiiie'rable'heat- 
vtchre ofrts'owm Thus albumin,"which, by complete combustion, 
yields 4998 heat-units, has a physiological heat-value=4998 
minus one-third of the heat-value of urea (2205)^4998 — 735 = 
4 z6 3 * 

Of the heat produced in the body, it is estimated by Helmholtz 
.that about 7 per cent, is represented by external mechanical 
work, and that of the remainder about f our-fifth s are discharged 
by radiation and evaporation from the skin, and the remaining 
fifth by the lungs and excreta. 

The following' table exhibits the relation between the produc¬ 
tion and discharge of heat in twenty-four hours in the human 
organism at rest, estimated in calories.* The table conveniently 
takes the form of a balance-sheet in which production and dis¬ 
charge of heat are compared ; to k eep the body-tempera ture 
norm al these mu st be equal. The basis of the table in the left- 
hand (income) side is the same as Ranke’s adequate diet (see p. 
616 and p. 739) :— 


Production of heat. 
Consumption of Calories, 

l’roteid (100 gr.) 100 x 4263 = 426,300 
Pat (100 gr.) .103x9069 = 906.900 
Carbohydrates 

(250 gr) . 250x3898 = 974,500 


2 , 307.700 


Discharge of heat. 

Calories. 

Warming water in food, 

2 6 kilos, x 25 0 C. = 65,000 

Warming air in respiration, 

16 kilos, x 25“ >c o - 24= 96.000 

Evaporation in lungs, 

630 gr. x 582 = 366,660 
Radiation and evapora¬ 
tion at surface. . =1,780,040 


2^07,700 


* The calorie we are taking is sometimes called the small calorie ; by 
some the word calorie is used to denote the amount of heat necessary to 
raise one kilogramme of water i° C . 4 
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The figures under the heading Production are obtained by- 
multiplying the weight of food by its physiological heat-value. 
The figures on the other side of the balance-sheet are obtained as 
follows: The water in the food is reckoned as weighing 2 ’6 kilos. 
This is supposed to be at the temperature of the air taken as 
12 0 C.; it has to be raised to the temperature of the body, 37 0 
that is through 25 0 C. Hence the weight of water multiplied by 
25 gives the number of calories expended in heating it. The 
weight of air is taken as weighing x6 kilos. ; this also has to be 
raised 25 0 C., and so to be multiplied by 25 ; it has further to 
be multiplied by the relative heat df air (0-24). The 630 
grammes of water evaporated in the lungs has to be multiplied 
by the potential or latent heat of steam at 37 0 G. (582); the 
portion of heat lost by radiation and evaporation from the skin 
constitutes about four-fifths of the whole, and is obtained by 
deducting the three previous amounts from the total. 

This table does not t ake int o accou nt the small <pmnt.it,ies of 
heat lost Avith urine and"fa eces. It need hardly be remarked that 
the above is a mere illustrative experiment. Ch anges in th e 


diet, in the atmospheri c te mper a tu re , in .the temperature jofJjhe 
food taken, in the activity .of, the sweat-glands, in "the amount ni'- 
moisture in.,the atniosphere t jytid in the a mo unt of work d one 
would considerably ..alter the above figures. 

Calorimetry .—Calorimeters employed in chemical operations 
are not suitable for experiments on living animals. An animal 
surrounded by ice or mercury, the melting and expansion of 
which respectively are measures of the amount of heat evolved, 
would be under such abnormal conditions that the results would 
be valueless. 

The apparatus often employed is the water calorimeter. This 
was ‘first used by Lavoisier, and his apparatus as modified by 
Dulong is shown in fig. 57® The animal is placed in a metal 
chamber, surrounded by a water-jacket. There are also tubes for 
the entrance and exit of the inspired and expired gases respec¬ 
tively. The heat given out by the animal warms the water in 
the jacket, and is measured by the rise of temperature observed 
in the water, of which the volume is also known. The air w'hich 
passes out from the chamber goes through a long spiral tube, 
passing through the water-jacket, and thus the heat is abstracted 
from it and not lost. 

Air-calorimeters are now, however, generally used. The follow¬ 
ing is an outline sketch of the one Vhich has been most used in 
this country. 

It consists of two precisely similar chambers made of thin 





CH. LV.] 


CALORIMETERS. 


753 


sheet copper. Each chamber has two walls between which is an 
air space; and the outer is covered by a thick casing of felt (F) 
to prevent fluctuations in the temperature of the surroundings 
from affecting the air in the air-space. The chambers are 
made perfectly air-tight, except for the ventilating tubes AA, A'A'. 



Fig- 5TO-—Dulong’s calorimeter: 0. calorimeter, consisting- of a vessel of cold water in 
winch tho chamber holding the animal is placed ; O', gasometer from which air is ex- 
' pelled by a stream of water. The air enters the respiratory chamber. G, gasometer 
receiving the gases of expiration and the excess of air. t, t\ thermometers; a 
wheel for agitating the water. Observe the delivery-tube on the ieft is much twisted 
in the water-chamber, so as to give off its heat to the surrounding water. (From 
MeKendrick’s “ Physiology.”) 


By means of these, the chambers are filled with perfectly dry air 
before the experiment is commenced. Leading from each air¬ 
space is a tube ; the two tubes are connected to the two limbs of 



a manometer (M) shaped as in the figure, and containing oil of 
erigeron. 

The action of the calorimeter is as follows:—In one chamber, 
the animal, the heat production of which is to be ascertained, is 
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placed within the cage C. In the other, hydrogen is burnt (H). 
Both chambers are shut, the tubes AA, A'A' being clamped. 
The heat given off* from the animal warms its chamber, and thus 
increases the pressure of the air in the air-space between the two 
copper walls of the chamber. This would lead to movement of 
the fluid in the manometer, but that the heat given off by the 
burning of the hydrogen increases at the same time the pressure 
in the air-space between the walls of its chamber. This latter 
increase of pressure tends to make the fluid in the manometer 
move in the other direction. If the fluid in the manometer 
remains stationary, the amount of heat given off by the animal is 
equal to that produced by the burning hydrogen ; and during an 
experiment the fluid in the manometer is kept stationary by 
turning the hydrogen flame up and down. The amount of 
hydrogen burnt is estimated by the amount of water formed, and 
the heat of combustion of hydrogen being known, it is perfectly 
easy to calculate the calories produced, which equal those given 
off by the animal. • 

Regulation of the Temperature of Warm-blooded. Animals. 

We have seen that heat is produced by combustion processes, 
and lost in various ways. In order to maintain a normal 
temperature, both sides of the balance-sheet must be equal. This 
equalisation may be produced by the pr oduction pf.V-nt, adapfo n C 
i tself t o-jaxiati ons in d ischarge, or by the disch arge of heat 

a d a p ti ng -dtscl f.to var ia tions iu„p rodmhiQm or^lagtly. anymo re 

probably, both set s of processes may adapt themselves ifiutually 
_tq_otta-«tt<?ther. We have, therefore, to consider (i) regulation by 
variations in loss and ( 2 ) regulation by variations in production. 

Regulation by Variations in Loss .—The two means of loss 
susceptible of any amount of variation are the lungs and the skin. 
The more air that parses in and out of the lungs, the greater will 
be the loss in warming the expired air and in evaporating the 
water of respiration. In such animals, as the dog, which perspire 
but little, respiration is a most important means of regulating the 
temperature ; and in these animals a close connection is observed 
between the production of heat and the respiratory activity. The 
panting of a dog when overheated is a familiar instance of this. 
A dog also, under the same circumstances, puts out its tongue, 
and loses heat from the evaporation that occurs from its surface. 
The gr eat regulator, however, is undou btedly the skin, and this 
feiF.aJ3anble^*ction. In the first pl».f-A,“'iy JEhaJoas of 

heaY~by"H a v s im mntm- — meahani stn: the more blood passing 
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through the skin, the greater will be the loss of heat by con¬ 
duction, radiation, and evaporation. Conversely, the loss of heat 
is diminished by anything that lessens the amount of blood in the 
skin, such as constriction of the cutaneous vessels, or dilatation of 
the splanchnic vascular area. Tn the second p1a.ca_ .Uin HpmiiubTiuryaa 
of the sweat-glands are called into action. Familiar instances 
"of the combined action of these two sets of nerves are the redden¬ 
ing of the skin and sweating that occurs after severe exercise, on 
a hot day, or in a hot-air or vapour bath, and the pallor of the 
skin and absence of sensible perspiration on the application of 
cold to the body. 

Regulation by Variations %n Production .—The rate of produc¬ 
tion of heat in a- living body, as determined by calorimetry, 
depends on a variety of circumstances. It varies - in different 
kinds of animals. The general rate of katabolism of a man is 
greater than that of a dog, and of a dog greater than that of a 
rabbit. Probably every species has a specific coefficient, and 
every individual a personal coefficient of heat production, which 
is the expression of the inborn qualities proper to the living 
substance of the species and individual. Another factor is the 
proportion of the bulk of the animal to its surface area, the 
struggle for existence raising the specific coefficient of the animals 
in which the ratio is high. Other important considerations are 
the relation of the intake of food to metabolic processes, and the 
amount of muscular work which is performed. These various 
influences are themselves regulated by the nervous system, and 
physiologists have long suspected that afferent impulses arising in 
the skin or elsewhere may, through the central nervous system,, 
originate efferent impulses, the effect of which would be to , 
increase or diminish the metabolism of the muscles and other 
organs, and by that means increase or diminish respectively the 
amount of heat there generated. That such a metabolic or 
thermogenic nervous mechanism does exist in warm-blooded 
animals is supported by the following experimental evidence:— 

(1) Though in cold-blooded animals, a rise or fall of the 
surrounding temperature causes respectively a rise and fall of their 
metabolic activity, in a warm-blooded animal the effect is just the 
reverse. Warmth from the exterior demands a diminished, 
production of heat in the interior, and vice versd. 

( 2 ) That this is due to a reflex nervous impulse is supported 
by the fact that a warm-blooded animal, when poisoned by curare 
no longer manifests its normal behaviour to external heat and cold 
but is affected in the same way as a cold-blooded animal. Section 
of the medulla produces the same effects, as the nerve-channels, 

8 0 2 
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by which the impulses travel, are severed. When curare Is given, 
the reflex chain is broken at its muscular end, the poison exerting 
its influence on the end-plates, and causing a diminution of the 
chemical tonus of the muscles. The centre of this thermotaxic 
reflex mechanism must be situated somewhere above the spinal 
cord; according to some observers, in the neighbourhood of the 
optic thalamus. 

(3) Various injuries caused by accident, or purposely produced 
by puncture, or cautery, or electrical stimulation of limited 
portions of the more central portions of the brain, may give rise 
to great increase of. temperature, notf accompanied by other 
marked symptoms. 

We thus see that the .nervous system is intimately associated 
with the regulation of the temperature of the body., There is at 
least one—there may be several centres associated in this action. 
The centres receive afferent impulses from without; they send out 
efferent impulses by at least three sets of nerves : (1) the vaso¬ 
motor nerves, (2) the secretory nerves of the sweat-glands, (3) 
trophic or nutritional nerves. The first two sets of nerves, the 
vaso-motor and the secretory, affect the regulation of temperature 
on the side of discharge; the third set on the-side of production. 


CHAPTER LVI. 

THE EEPEODUCTIVE OEGANS. 

TiiE reproductive organs consist in the male of the two testes 
which produce spermatozoa, and the ducts which lead from them, 
and in the female of the two ovaries which produce ova, the 
Fallopian tubes or oviducts, the uterus, and the vagina. 

Male Organs. 

Th.e testis is enclosed in a serous membrane called the tunica 
vaginalis, originally a part of the peritoneum. When the testis 
descends into the scrotum it carries with it this part of the peri¬ 
toneum, which then is entirely cut off from the remainder of that 
serous membrane. The external covering of the testicle itself is 
a Btrong fibrous capsule, called, on account of its white appear¬ 
ance, the tunica albuginea. Passing from its inner surface are" a? 
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number of septa or trabeculae, which divide the organ imperfectly 
into lobules. On the posterior aspect of the organ the capsule 

is greatly thickened, and forms a mass of 



Fig. 581.—Plan of a vertical 
section of the testicle, 
showing the arrange¬ 
ment of the ducts. The 
true length and diameter 
of the ducts have been 
disregarded, a tubuli 
seminiferi coiled up in 
the separate lobes: b, 
tubuli recti; <•, rete 

testis ; U, vnsa efferentia 
ending in the coni vaseu- 
losi; l, e, g, convoluted 
ennui of the epididymis ; 
A, vas deferens ;/, section 
of the back part of the 
tunica albuginea; i, i, 
fibrous processes running 
between the lobes; s, me¬ 
diastinum. 


fibrous tissue called the Corrms Hiah - 
JtmiaW.™ (body of Highmore) or mediae 
tinurn testis. Attached to this is a much 
convoluted tube, which forms a mass called 


a. 



Fig. 582.—Section of a tubule of the testicle of a 
rat, to show the formation of the spermatozoa, 
re, spermatozoa ; A, seminal cells; c, sub tentacu¬ 
lar cells, to which the spermatozoa are ad¬ 
herent ; d, basement membrane; e, connective 
tissue. (Cadiat.) 


A 


B 


C 



Kg. 583.—From a section of the testis of dog. showing portions of seminal tubes. A, 
seminal epithelial cells, and numerous small cells loosely arranged; B, the small cells 
or epc rmatoblasts converted into spermatozoa; C, groups of these in a further stage of 
development. (Klein.) 


the This reoeives the ducts of the testis, and 

is prolonged into a thick walled tube, the vas deferens, by which 
the semen passes to the urethra. 
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The testis is itself composed of convoluted tubes. Each of these-., 
commences near the tunica albuginea, and terminates after Join¬ 
ing with others in a straight tubule, which passes into the body of 
Highmore, where it forms a network ( rete testis\ by eommunioating 
by branches with those of other atraignt tubules. From the rete 
about twenty efferent ducts (vasa efferentia) arise, which become 



Kg. 584.—Section of the epididymis of a dog.—The tube in cut in aeveral 
places, both transversely and obliquely; it ia Keen to be lined by a 
ciliated epithelium, the nuclei of ■which are well shown, c, connective 
r tissue. (Schofield.) 

convoluted to form the coni vasculosi, and then pass into the tube 
of the epididymis. 

The convoluted or seminiferous tubules have the following 
structure : eafih js formed e xternally, of a think.Jbaaeme nt me m-, 
brane, c onsisting ~of s everaTlayers of flatten e d oells . Next comes 
the lining epitheli um oF~ciear c ubical cells, a few. of which show 
karyokiheticTTgures in their nucIeCTndicating they are about to 
divide. Some of these cells are longer than the rest, and projects 
into the cavity of the tube, where they form a connection with! 
groups of developing spermatozoa. They are called sustentacujfir 
cells.. 

TText to the lining epithelium is a zone of larger cells, two Or 
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three deep. These are called spermato g enic c ells; the nuclei 
of nearly all of these show karyokinetic figures. ' Most internal 
of all are a large number of small cells with circular nuclei. They 
are called s^erTQqf gblasts. In other tubules the spermatoblasts 
may be seen in various stages developing into spermatozoa ; they 
become elongated : their nucleus is at one end, and from the 
other a tail-like process grows; groups of. the young spermatozoa 
apply their heads to the sustcntacular cells, from which they 



Pig. 585.—Dissection of the base of the bladder and prostate gland, showing the vesiculro 
seminoles and vasa deferentia. a, lower surface of the bladder at the place of re¬ 
flexion of tlio peritoneum ; b, the part above covered by the peritoneum ; i. left vas 
deferens, ending in c, the ejaculatory duct; the vas deferens has been divided near i, 
and all except the vesical portion has been taken away; s, left vesicula seminalis j oining 
the same duct; * », the right vas deferens and right vesicula seminalis, which has 
been unravelled ; p, under Hide of the prostate gland; m, part of the urethra; u u, the 
ureters (cut short), the right one turned aside. (Haller.) 


derive nutriment; their tails project into the lumen ; they even¬ 
tually become free. 

The straight tubules consist of b asement memb rane and lining 
cubical epithelium only. 

The interstitial connective tissue of the testis is loose, and 
contains numerous lymphatic clefts. laying in it accompanying 
the blood-vessels are Strang of polyhedral epithelial cells, of a 
yellowish colour (interstitial cells'). 

The tubules of the rete testis are lined by cubical epithelium ; 
the basement membrane is absent 
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The vasa efferentia , coni vasculosi , and epididymis are lined by 
columnar cells, with very Jnn g cilia.. There is a g ood deal of 
muspulir 

■' The vds deferens consists of a muscular wall (outer layer longi¬ 
tudinal, mi ddle ci rcular, inner longitudinal), lined by a mucous 
membrane, the inner surface of which is covered bv columna r 
epithelium. 

The vesicular seminales are outgrowths of the vas deferens. 
Each is a much convoluted, branched, and sacculated tube of 
structure similar to that of the vas deferens, except that the wall 
is thinner. . „ 

The penis is composed of cavernous tissue covered by skin. 



Pig. 586.—Erectile tissue of tlm human penis, a, fibrous tmbeculue with their ordinary 
capillaries ; b, section of the venous sinuses; muscular tissue. (Cadiat.) 

The cavernous tissue is collected into three tracts, the two corpora 
cavernosa and the corpus spongiosum in the middle line inferiorly. 
A 11 these are enclosed in a capsule of fibrous and plain muscular 
tissue; the septa which are continued in from these, form the 
boundaries of the cavernous venous spaces of the tissue. The 
■arteries run in the septa; the capillaries open into the venous 
spaces. The .Series ay ft nft.P.n called Jkdicin e, as in injected 
specimensElrey form twisted loops/ projecting mto the eavemous 
spaces (see also p. 453). The Structure of the urethra and 
prostate are described on p. 69 w 

The Spermatozoa, suspended in a richly albuminous fluid, 
constitute the semen. Each spermatozoon is composed of three 
parts, a head, a middle part, and a tail. The head varies in shape 
in different animals, but in man it is oval, and pointed anteriorly. 
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The middle piece is short’and cylindrical, with a spiral fibre pass¬ 
ing round it. The tail is long, tapering, and vibratile ; its action- 
resembles that of a cilium, andjrivag f.r> t,ho aparr»nt tfl? jpr>r. if a p^wor 
of locomoti on- The end piece of the tail is described by Retzius 
as distinct from the rest, and in some animals is divided into two 
or three fibrils. 

In some animals (newts, salamanders, <fce.) a fine filament or 
membranous expansion is attached to the tail in a spiral manner 



Fig- 587.—Spermatic fila¬ 
ments from the human 
vas deferens. 1, magni¬ 
fied 300 diameters; 2, 

magnified 800 diameters; 
a, from the side ; b, from 
above. (Prom KiiUiker.) 



(fig. 588). A similar appearance has been described by some obser¬ 
vers in mammalian spermatozoa. 

The spermatozoa are formed from the small spermotoblasts *of 
the third or innermost layer of the seminiferous tubules; these 
originate from the spermatogenie cells of the second layer, and 
these from the lining cubical epithelium. When a lining cell 
divides into two, one becomes a spermatogenie cell, the other 
becomes elongated to form a sustentacular cell. 

In the conversion of a spermatoblast into a spermatozoon, the 
nucleus forms the head ; the tail develops as a fine filament 
within the protoplasm, from which it subsequently grows out; it 
is connected to the nucleutf*from the first. The greater part of 
the protoplasm drops off (seminal granules); the remainder forms 
the middle piece of the spermatozoon. 



THE. REPRODECXIYE ORGANS. 


*LOH. X*VI. 




Female Organs. 

The Ovary is a solid organ composed of fibrous tissue {stroma), 
containing near its attachment to the broad ligament a number of 
plain muscular fibres. It is covered with a layer of short columnar 
cells (germin al epitheliu m), which may be seen, especially in young 
animals, dipping down into the stroma. The interstitial connective 
tissue contains a number of epithelial polyhedral yellow cells, 
like the interstitial cells of the testis. , 

When cut across, the surface part ef the stroma is seen to be 



Kg. 589.—Diagrammatic view of the uterus and its appendages, as seen from liehind. The 
uteruB and upper part of the vagina have been laid open by removing the posterior 
wall; the Fallopian tube, round ligament, and ovarian ligament have been cut short, 
and the broad ligament removed on the left side; u, the upper part of the uterus ; r., 
the cervix opposite the os internum; the triangular shape of the uterine cavity is 
shown, and the dilatation of the cervical cavity with the rugae termed arbor vitm ■ v, 
upper part of the vogioa; od. Fallopian tube or oviduct; the narrow communication 
of it*f cavity with that of the cornu of the uterus on each side is seen ; l, round, liga¬ 
ment; lo, ligament of the ovary; o, ovary; i, wide outer part of the right Fallopian 
, tube; fl, its limbriated extremity; po, parovarium; h, one of the hydatids frequently 
found connected with the bread ligament. (Allen Thomson.) 


crowded with a number of rounded cells (primitive ova or 
ovigerms ), and vesicles of different sizes are also visible. These 
are called the Graafian follicles. The smallest are near the sur¬ 
face of the organ ; the larger ones are deeper, though they extend 
to the surface as they grow. 

A Graafian follicle has a proper wall formed from the stroma; 
it contains within it an ovum formed from one of the primitive ova, 
and it is lined by epithelium. At first*there is simply one layer of 
epithelium cells ; this lines the follicle and covers the ovum ; later 
there are two layers, one lining the follicle, and the other covering 
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the ovuin, but the two are close together. A viscid fluid collects 
between the two layers, and as the follicle increases in size 
separates them. 



Fig. 590.—View of a section of the ovary of the oat. i, outer covering and free bolder of 
the ovary; 1', attached border; 2, the ovarian stroma, presenting a fibrous and 
vascular structure ; 3, granular substance lying external to the fibrous stroma; 4, blood¬ 
vessels ; 5, ovigerms in their earliest stages occupying a part of the granular layer near 
the surface ; 6, ovigerms which have begun to enlarge and to pass more deeply into the 
ovary; 7, ovigerms round which the Graafian follicle and tunica granulosa axe now 
formed, and which have passed somewhat deeper into the ovary and are surrounded by 
the fibrous stroma ; 8, more advanced Graafian follicle with the ovum imbedded in the 
layer of eellH constituting the proligerons disc ; 9, the most advanoed follicle containing 
the ovum, &e.; 9', a follicle from which the ovum has accidentally escaped; 10, corpus 
luteum. f. (Schriin.) 



Ifejtt. Section of the ovary of a oat. A, germinal epithelium; B, immature Graafian 
follicle; C, stroma of ovary; D, vitelline membrane containing the ovum; E, Graafian 
follicle showing lining cells; F, follicle from which the ovum has fallen out. (V. D. 
Harris.) 
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The cells in each layer multiply, so that they are arranged in 
several strata. The lining epithelium of t h e fo lli cle is then 
j&llfid the membrana gra nulosa, ~lmcr~tlie heaped mass of cells 
a£Qand^Ihe. jQyu m, thc < T{scuspr( >ligems. The fluid increases in ' 
quantity, the follicle becomes tenser and tenser, and finally it 
reaches the surface of the organ and bursts ; the ovum is thus 
set free, and is seized by the fringed ends of the Fallopian tube 
and thence passed to the uterus. 

The bursting of a Graa fian Jolliela. .usnal lx...occurs about the 
time of menstruation. 

After the bursting of a Graafian, follicle, it is filled up with 

what is known as a corpus luteum. This is derived from.tllfiwall 

oj the follicle^, and consists’ of columns of yelicny ceils developed 
from the yellow interstitial cells previously mentioned ; it con- 
tftinsL.fL_hlood jclot- 4 &-it» centre. These cells multiply, and their 
strands get folded and converge to a central strand of connective 
tissue ; between the columns there are septa of connective tissue 
with blood-vessels. The corpus luteum after a time gradually 
disappears; but if pregnancy supervenes it becomes larger and 
more persistent. 

The following table gives the chief facts in the life history of 
the ordinary corpus luteum of menstruation, compared with that 
of pregnancy:— 

Corpus Luteum of Men- Corpus Luteum of Freer- 
struation. nancy. 

Three-quarters of an inch in diameter; central clot reddish ; 
convoluted wall pale. 

Smaller ; convoluted , Larger; convoluted wall bright 
wall bright yellow ; i yellow ; clot still reddish, 
clot still reddish. i 

Reduced to the condi- ; Seven-eighths of an inch in dia- 
tion of an insigniti- meter; convoluted wall bright 
cant cicatrix. yellow; clot perfectly de¬ 

colorised. 

Six months . , Absent. , Still as large as at end of second 

month ; clot fibrinous ; convo¬ 
luted wall paler. 

Nine months . . 1 One half an inch in diameter; 

central clot converted into a 
radiating cicatrix; theexternal 
wall tolerably thick and con- 
I voluted, but withoutany bright 

| ! yellow colour. 

Some of the Graafian follicles ifever burst ; they attain ‘ a 
certain degree of maturity, then atrophy and disappear. 

An ovum is a large spheroidal cell surrounded by a trans- 


At the end of 
three weeks. 
One month . 


Two months 
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parent striated membrane called the vitelline membran e, or zona 
pellucida. The protoplasm is filled with large fatty and albu- 



Fig. 502.—Corpora lutca of different periods. B, corpus luteum of about the sixth week 
after impregnation, showing its plicated form at that period, i, substance of the 
ovary; 2, substance of the corpus luteum; 3, a greyish coagulum in its cavity. 
(I’aterson.) A, corpus luteum two days after delivery; D, in the twelfth week after 
delivery. (Montgomery.) 



-Nucleus or germinal vesicle. 

-Nucleolus or germinal spot. 


— Space left by retraction of 
protoplasm. 


- - Protoplasm containing yolk 
spherules. 


Vitelline membrane. 


Fig. 593.—A human ovum. (Cadiat.) 



Fig. 594*—Germinal epithelium of the surface of the ovary of five days’ chick, a, small 
ovoblasts; b, larger ovoblasts. (Cadiat.) 

minous granules {yolk spherules ), except in the part around the 
nucleus, which is comparatively free from these granules. It 
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contains a nucleus which has the usual 'structure of nuclei; there 
is generally one very well-marked nucleolus. The nucleus and 
nucleolus are still often called by their old names, germinal vesicle 
and germinal spot respectively. 

The oya and th e epithelium, of the - <jraafian„^feHicles---are 
developed from the germinal epithelium which ja- 4 h& embr yo 
foMBB ' k lll lgF^^r'OV ief the ovary; cords oF 'these cells, solid in 
some animals, tubular in~others, grow down into the stroma, and 
in time these are broken tip into nests by ingrowths of the stroma. 



Fig. 505.—A. Diagram of uterus just before menstruation ; tile shaded portion represents 
the thickened mucous membrane. B. Diagram of uterus when menstruation has 
• just ceased, showing the cavity of the uterus deprived of mucous membrane. 
C. Diagram of uterus a week after the menstrual flux has ceased: the shaded 
portion represents renewed mucous membrane. (J. Williams.) 


Each nest represents a primitive Graafian follicle. In this, one 
cell in particular becomes enlarged to form the ovum ; the 
remainder form the epithelium of the follicle. 

The Fallopian tubes have externally a serous coat derived 
from the peritoneum, then a muscular coat (longitudinal fibres 
outside, circular inside), and most internally a very vascular 
mucous membrane thrown into longitudinal folds, and covered 
with ciliated epithelium. 

The uterus consists of the same three layers. The muscular 
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ooatJ s, however, very thick and is made up of t wo stra ta imper- 
' fectly separated by connective tissue and blood-vessels. Of these 
the thinner outer division is the true muscular coat, the fibres of 
which are arranged partly longitudinally, partly circularly. The 
inner division is very thick ; its fibres run chiefly in a circular 
direction; the extremities of the uterine glands extend into its 
internal surface. It is in fact a much hypertrophied muscularis 
mucosae. ‘ 

The mucous m embrane js,thick, and. consists. mri n m- o f . soft 
connective tissue'Hhed with ciliated epithelium ; this is continued 



Fig. 506.—Section of the lining membrane of a human uterus at the period of commencing 
pregnancy showing the arrangement and other peculiarities of the glands, d, d, d, with 
their orifices, a, a, a, on the internal surface of the organ. Twice the natural size. 


down into long tubular glands which have as a rule a convoluted 
course. In the cervix the glands arc shorter. Near the os 
uteri the epithelium becomes stratified ; stratified epithelium also 
lines the vagina. 

At each mopstrual period, the greater part of the mucous 
membrane of the body of the uterus disintegrates and is shed ; 
this with some blood which escapes from the ruptured capillaries 
constitutes the menstrual flow. * 

This is followed by a rapid renewal of the mucous membraye. 
But if gestation takes place, the new mucous membrane is much 
thicker than that which is usually formed. The glands are 
correspondingly long. This thick membrane is then called the 
decidua. 

For a description of the mammary glands see p. 619. 
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CHAPTER LVII. 

DEVELOPMENT. 

The description of the origin and formation of the tissues and 
organs constitutes the portion of biological science known as 
embryology. This subject is a large one, and many books are 
written which have for their exclusive object its elucidation. All 
one can possibly attempt in a physiological text-book is the 
merest outline of tlve principal facts of development. 

In our descriptions throughout we shall endeavour to speak of 
the development of the mammal principally ; it will not be 
possible to do so altogether, for many of the facts which are 
believed to be true of the mammal (man included) have only been 
actually seen in the lower animals. That they occur in the 
higher animals too is a matter of inference. 

It will, however, add interest to the subject to draw some of 
our descriptions from the lower animals ; for the scientific dis¬ 
cussion of embryology must always start from a wide survey of 
the whole animal kingdom. Without entering into any argu¬ 
ments in relation to the Darwinian theory of evolution, it will be 
sufficient to state in general terms that the series of changes 
which occur in the embryological history of the highest animals, 
form a compressed picture of the changes which have taken place 
in their historical development from lower types of living 
creatures. 

The Ovum. 

i 

The human ovum is like that of other mammals, a small 
spherical body about to ^ \ ^ inch in diameter ; it is an 

organised animal cell consisting of a' mass of protoplasm enclosing 
a nucleus. The protoplasm, however, also contains a granular 
material, vitelline or yolk substance which nourishes^ the proto¬ 
plasmic part.) The way in which ova are formed in the ovary is 
described in tfhe chapter preceding this. 

In many animals, as in birds, most of the changes from ovum to 
adult take place, not within the body of the parent, but outside of 
it. The egg can therefore derive no nutriment from the mother; 
and, as one would expect, the yolk substance is much more 
abundant. It is due to this fact that the eggs of birds, reptiles, 
and fishes are so much larger than the mammalian ovum. Each 
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however, is still essentially a single cell, much bulged by yolk 
material. The yellow part of the hen’s egg which is alone com¬ 
parable to the mammalian ovum has upon it a whitish speck or 
cicatricula about ^ inch in diameter; in this the nucleus or 
germinal vesicle is imbedded; it is here and in the surrounding 
protoplasm that cell division and growth goes on, the rest of the 
yolk serving to nourish this part. 

Ova in which the whole cell takes part in cell division are 
called holollastic ; but those like the hen’s egg, in which only a 
part, the cicatricula just alluded to, divides and subdivides, are 
termed meroblastic. Thftrc gire, however, gradations between the 
two extremes. 

The structure of the mammalian ovum has already been given 
(p. 765). The surrounding zona pellucida is perforated, at any 
rate in some animals, by a small hole called the mieronvlt. wh ich 
enables a spermatozoon to ent er. Some observers have described 
a second more delicate membrane within the zona pellucida. 

Changes in the Ovum previous to Fecundation. 

The most important change is the disappearance of the greater 
part of the nucleus ; simultaneously with this two particles called 
the polar or directing globules appear on the surface of the ovum, 
between it and the zona pellucida. 

The relation between these two phenomena, and many of the 
facts relating to the impregnation of, and early changes in the 
ovum were first made out by Oscar Hertwig, and Ed. v. Beneden, 
in the ova of sea-urchins and other echinoderms; they have 
been verified in many of the higher animals; and, though they 
have never been actually seen in the human ovum, there is 
practically no doubt that they occur there too. 

In the case of the sea-urchin, the problem is a comparatively 
easy one to study. Sea-water containing the elements of each 
sex can be obtained ; the changes watched, and finally the two 
specimens can be mixed and impregnation watched. 

In the ovum, the nucleus travels to the surface of the ovum, 
loses its investing membrane, and undergoes the changes 
associated with kftryokinesis, the spindle lying horizontally under 
the outer circumference of the'cell. At each end of the spindle 
an attraction sphere is situated; the granules of the protoplasm 
take a radial arrangement around the two attraction spheres. The 
spindle then becomes vertical, and the nucleus divides into two; 
the upper daughter nucleus with a thin investment of protoplasm 
is extruded from the body of the cell. The other daughter 
K.P. 3 D 
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nucleus remains within the ovum ; it proceeds to repeat the 
process, and a second polar globule is extruded, so that only a 
quarter of the original nucleus remains within the ovum; this is 
then called the female pronugleus . and it travels towards the 
centre of the ovum. ~ 

Simultaneously the ovum shrinks, not only from the loss of the 
polar globules; but also from a shedding out of liquid which 
collects between the ovum and the zona pellucida and is called 
the pe rivitelline fluid . In this, later on, spermatozoa which have 
penetrated" the zoii'a pellucida, may be seen swimming. 

Impregnation. 

We now have a somewhat shrunken ovum possessing a female 
pronucleus ; for some time, this continues to have the radiating 
arrangement of granules around it. Impregnation or fertilization 
consists in the embedding of the head of one spermatozoon in the 
protoplasm of the ovum ; the tail is lost, and the head has around 
it the same star-like arrangement of the protoplasmic granules of 
the. ovum which we described around the female pronucleus. It 
is now called the male vronucleu s; it travels to the female pro- 
nucleus, and in some animals may for a time leave a distinct, 
groove marking its pathway. Having reached the female pro- 
nucleus, it fuses with it and fonns an ordinary nucleus. [ The 
whole cell so prod n eed i s the n of ten, called_the blast osphere. 

A great deal of discussion lias taken place as to the meaning 
of the discharge of the polar globules. Fertilization consists in 
bringing to the ovum of a certain amount of germinal plasma 
from another individual or male, and Weismann assumes that it 
is necessary that the ovum, prior to development, should get rid 
both of its old histogcnetic plasma, and of so much germinal 
plasma (i.e, matter endowed with heredity) as may be brought to 
it by the spermatozoon. This is effected by the extrusion of the 
two polar globules. The second polar globule is the one which 
contains the germinal plasma, or the hereditary male element. 
In those animals which can reproduce their species for many 
generations without the intervention of a fresh male (partheno¬ 
genesis), the second polar globule is not extruded. 

Fig. 597 represents a fertilized ovum, and if its appearance is 
compared with that of the ovarian ovum (fig. 593), there is not 
much anatomical distinction to be noticed between the two. The 
fertilized ovum is rather smaller, as it has discharged the polar 
globules and the perivitelline fluid, and its nucleus is composed of 
male and female elements; but how great is the physiological 
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difference between the two, for the fertilized ovum now is a now 
individual, though in a very rudimentary condition. Thes e, 
proc esses a ll tak^plaoedfr^he-'-Eallapian tube of- the - mammal as 



Fig. 507.—The fertilized ovum, or blaatonpliere. 

the ovum travels towards the uterus, and then the process of 
segmentation or cell division begins. 

Segmentation. 

The ovum first divides into two cells, then each of these into 
two again, and so on ; until at last it consists of a mulberry-like 
mass of little cells, all still enclosed within the zona pellucida. 
The polar globules are soon lost to view. Cell division is always 
accompanied by the usual karyokinctic changes in the nucleus. 
On cutting a section through the embryo at this stage, it is found 
to consist of a single layer of cells arranged around a central 
cavity filled with fluid shed out from the cells. This is‘called 
the blastula stage or the stage of the jmilaminar (one layereij) 
~T>fastod erm. The cells by mutual compression become columnar 
in shape, and soon the cells are arranged two layers deep; the 
formation of the second layer within the first differs in different 
animals. In amphioxus and many of the invertebrates, it is 
formed by a pi-ocess of invagination - t.ha±- j gj « po rtion of the 
surface layer is gradually pushed in_ until it. completes a second 
layer within tlie jfiyst; the orifice of invagination is called the 
b lastopore , and corresponds to a primitive mouth opening into a 
primitive alimentary cavity jj^irrounded by the inner layer of cells. 
In mammals, the cells which are going to form the second layer 
take up a central position from the very start, and the outer cells 
fey multiplying more quickly than the inner ones grow round and 
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enclose them. This is the na ^uln. aimra or the stage of the 
bilaminar blastoderm . Then a third layer is formed between the 
other two, and thus we arrive at the stage of the t rilamin ar 
blastoderm . The three layers are called from wiihjk^outv^axds 



the epiblast, mesoblast, and 
hypoblast, or the ectodervi\ 
mesoderm, and endoderm. 

We must next study the 
way in which the mesoblast 
is formed between the other 
two layers. When the outer 



Fig. 599.—Impregnated egg, with 
commencement of formation of 
embryo ; allowing the area ger- 
minativa or embryonic Hpot, the 
area pellueida, and the primitive 
groove and streak. (Dalton.) 

surface of the ovum is 
viewed from above, a streak 
or shadow is visible; this 
occurs first at its posterioi 


Fig. 598.—Diagrams of the various 
stages of cleavage of the ovum. 
(Dalton.) 


end, and it gradually ex¬ 
tends towards the anterior 


end. It is due to a thicken¬ 


ing of the epiblast; the cells of which multiply so that they 
• are several layers deep. This appearance is called the primitive 
st reak, 

This is soon marked by a narrow groove along its centre, which 
is called the pr imiti ve groove. 

If we cut a transverse section through the ovum at this period, 
we have the appearance presented in the next figure. 

The actual preparation is from a chick’s egg; the cicatricula 
has divided into a number of cells, and these are arranged in tyro 
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layers, epiblast and hypftblast, but these instead of surrounding 
the whole ovum lie spread out on the surface of the yolk. This' 
part of the embryo is subsequently pinched off from the yolk-sac.! 
The area which actually gives rise to the embryo is called the 
germinal disc, and the area opaca in the middle, seen at the left 


i 

.v 



Fig. 600.—Vertical section of area pellucida and area opaca (left extremity of figure) of 
blastoderm of a fresh-laid egg. S, epiblast; />, hypoblast; M, large “formative 
cells,” filled with yolk granules, derived from the hypoblast; A, the white yolk 
immediately underlying the segmentation cavity. (Strieker.) 

extremity of the figure, is the opacity produced by the primitive 
streak, and this is seen to be caused by the proliferation of 
epiblastic cells, so that at this point they come into close contact 
with the hypoblast. * 

Fig. 601 shows a rather later stage ; this mass of cells, chiefly 



Fig. 601.—Transverse section through embryo chick (a6 hours), a,epiblast; J.mesoblast; 
c, hypoblast; d, mass of cells at primitive streak ; e, primitive groove. (Klein.) 

epiblastic (d), gives origin to the intermediate layer or meso- 
blast ( b ) which grows between the other two layers. 

The mesoblast, however, is not exclusively epiblastic in origin, 
for some of the cells fn the mass d, fig. 601, are doubtless 
hypoblastic. Moreover, certain large * formative cel ls ’ seen in 
fig. 600 'M and ift the next figure, ori ginate from hypoblast an d 
wander into the midd la.Javer. and it,Ja_ these c el ls which gi ve 
origin to the connective-tissues and blood-vessels. 
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The three layers of the blastoderm show from the first 
distinctive characters ; the epiblast and hypoblast presenting the 
appearance of epithelium, whereas the mesoblast is composed of 
cells which are not arranged close together, and many of them 
are branched. 

The primitive streak and groove are evanescent structures; 
they indicate the longitudinal axis of the embryo, but they are 



Fig. 602.—Vertical section of blastoderm of chick {1st day of incubation). S', epiblast. 
consisting of short columnar cells; />, hypoblast, consisting of a single layer of flattened 
cells M, “ formative cells.” They are seen on the right of the figure, passing in 
between lie epiblast and hypoblast to contribute to the mesoblast i A, white yolk 
granules. Many of the large “ formative cells ” are seen containing these granules. 
(Strieker.) 

soon replaced by a new^nd larger groove. This is formed by 
two new thickenings of epiblast which rise up like walls on each 
side of the middle line; they are united together in front, and 

they extend backwards, enclosing 
and then (fig. 603) obliterating the 
primitive groove. 

These two walls arc called the 
medulla ry plates or the do rsal 
ridges ■ the valley between them 
is called the medullary groove; 
this is the first appearance of 
the central nervous system. They 
approach one another, and meet 
in the middle line, and so convert 
the medullary groove into a canal. 
Fig. 604 shows this diagram- 
Fig ‘ov^ h Tyjr e er°! Votive 8 matioally in transverse section. 
“?i^rr e 8 ir^g“ ed (ifS The «P iblastic cells which line 
Koiliker.) the neural canal are, by the union 

of the two dorsal ridges, entirely! 
cut off from' the surface epiblast; these cells multiply and thej 
tube of epiblast gets much thicker; anteriorly it forms the brain 
and its cavity the cerebral ventricles; behind this it forms the 
spinal cord with its central canal. The nerves grow oiit from 
brain and cord at a later date. 
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The same diagram shows that the mesoblast is collected into 
large masses on each side of the neural canal ; these are called the 
proto verte brce; a rod of cell s h as been al so pinched off from the 



Kg. 604.—Diagram of transverse section through an embryo before the closing-in of the 
medullary groove, m, cells of epiblast lining the medullary groove which wilL form 
the spinal cord; h, epiblast: d, hypoblast; eh, noto-chord ; «, proto vertebra; sp, 
mesoblast; to, edge of dorsalTidge^ folding over medullary groove. (Kolliker.J 


is seen in transverse section ( ch) ; it is called the 

notochord . 

figT605 shows a surface view of the embryo at rather a later 



Kg. 605.—Embryo of dog. The neural groove, a, is not yet closed, and at its upper or 
cephalic end presents three dilatations, b, which correspond to the three divisions or 
vesicles of the brain. At its lower extremity the groove presents a lancet-Bhaped dilata¬ 
tion (sinus rhomboidalis), o. The margins of the groove consist of clearpelluoid nerve- 
substance. Along the bottom of the groove is observed a faint-streak, which is the 
chorda dorsalis, d, Dorsal ridges. (Bischoff.) 


stage. The union of the dorsal ridges takes place first about the 
neck of the future embryo f they soon after unite over the region 
of the head, while the closing in of the groove progresses much 
more slowly towards the hinder extremity of the embryo. The 
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medullary groove is by no means of uniform diameter throughout, 
and even before the dorsal laminae have united over it, is seen to 


FR CA 



Fig. 606.—Embryo chick (36 hours), 
viewed from beneath as a transpa¬ 
rent object (magnified). pi, outline 
of pellucid area; Fit, fore-brain, or 
first cerebral vesicle : from its Bides 
project op, the optic vesicles; SO, 
backwnra limit of Bomatopleur 
fold, “ tucked in ” under head; «, 
head-fold of true amnion; a', re- 
•flected layer of amnion, sometimes 
termed “ false amnion; ” sp, back¬ 
ward limit of splanchnopleur folds, 
along which run the omphalomesa- 
raic veins uniting to form ft, the 
heart, which is continued forwards 
into ha, the bulbus arteriosus; d, 
the fore-gut, lying behind the heart, 
and having a wide crescentic open¬ 
ing between the splanchnopleur 
folds; Hll, hind-brain ; MB, mid¬ 
brain ; pv, protovertebrse lying 
behind the fore-gut; me, line of 
junction of medullary folds and of 
notochord; eft, front end of noto¬ 
chord ; vpl, vertebral plates; pr, 
the primitive groove at its caudal 
end. (Foster and Balfour.) 


be dilated at the anterior extremity 
and obscurely divided by constric¬ 
tions into the three primary cerebral 
vesicles. The part from which the 
spinal cord is formed is of nearly 
uniform calibre, while towards the 
posterior extremity is a lozenge¬ 
shaped dilatation, which is the last 
part to t . clofee in. 

The notochord can be seen under¬ 
neath the neural canal. 

The thickenings of the mesoblast 

called.th c j/rotovertebree' are not 

continuous longitudinal structures 
like the neural canal and notochord, 
but consist of a number of quadri¬ 
lateral masses situated down each 
side of the neural canal. They 
arc seen in fig. 606, which also 
shows the primitive heart, and other 
structures to he described later on. 
The neural groove has by this time 
been quite closed in. 

A transverse section through the 
embryo at this or a rather later 
stage (fig. 607) shows the points 
already mentioned, hut there is also 
seen a splitting of the general meso¬ 
blast into two layers. One adheres 
to the epi blast and is called the 
parietal mesoblast, or som atopleu r; 
the other adlieres To file'“hypoblast 
and is called the visceral mes oblast 
or spla/nchnopleur; the space be¬ 
tween them is the bodv-cavity . 

; it 

the 

cavities of the pleurae, pericardium 
and peritoneum. 

Head and Tail Folds. Body- 
cavity. —Every vertebrate animal 


coelom o r yleuro-peritoneal cavity 
is subdivided subsequently into 


consists essentially of a longitudinal axis (vertebral column) with 
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a neural canal above it, and a body-cavity (containing the 
alimentary canal) beneath. 

We have seen how the earliest rudiments of the central axis 
and the neural canal are formed; we must now consider how the 



g. 607.—Transverse section through dorsal region of embryo chick (45 hrs.) . One half of 
the section is represented ; if completed it would extend as far to the left as to the 
right of the line of the medullary canal ( Me) . A, epiblast; C, hypoblast, consisting of 
a single layer of flattened cells ; Me, medullary canal; Pv, proto vertebra ; Wd, Wolffian 
duct; So, somatopleur; Sp, splanchnopleur; mi, pleuro-peritoneal cavity ; eJi, noto¬ 
chord ; no, dorsal aorta, containing blood-cells; v, blood-vessels of the yolk-sac. 
(Foster and Balfour.) 


general body-cavity is developed. In the earliest stages the embryo t 
lies flat on the surface of the yolk, and is not clearly marked off 
from the rest of the blastoderm; but gradually the head-fold, a 


n.c 

\ 

\ 



Fig. 608.—Diagrammatic longitudinal section through the axis of an embryo. The head¬ 
fold has commenced, but the tail-fold has not yet appeured. FSo, fold of the somato¬ 
pleur ; Fuji, fold of the splanchnopleur; the line of reference, Fao, lies outside the 
embryo in the “ moat,” which marks off the overhanging head from the amnion; D, 
inside the embryo, is that part which is to become the fore-gut; Fao and Ftp, are both 
parts of the head-fold, ana travel to the left of the figure as development proceeds'-, 
pp, space between somatopleur and splanchnopleur, pleuro-peritoneal cavity; Am, 
commencing head-fold of amnion; XC, neural canal; Ch, notochord; Ft, heart; 
A, B, C, epiblast, mesoblast, hypoblast. (Foster and Balfour.) 


crescentic depression (with its concavity backwards), is formed in 
the blastoderm, limiting the head of the embryo; .the blastoderm 
is tucked in under the head, which thus comes to project 
above the general surface of the membrane : a similar tucking in 
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of blastoderm takes place at the caudal'extremity, and thus the 
head- and tail-folds are formed. 

Similar depressions mark off the embryo laterally, until it is 
completely surrounded by a sort of moat which it overhangs on 
all sides, and which clearly defines it from the yolk. It will be 
understood that in mammals the yolk-sac is comparatively 
small. 

This moat runs in further and further all round beneath the 
overhanging embryo, till the latter comes to resemble a canoe 
turned upside-down, the ends and middle being, as it were, 
decked in by the folding or tucking^ in bf the blastoderm, while 
on the ventral surface there is still a large communication with 
the yolk, corresponding to the well or undecked portion of the 
canoe. 

This communication between the embryo and the yolk is gra¬ 
dually contracted by the further tucking in of the blastoderm from 
all sides, till it becomes narrowed down, as by an invisible con¬ 
stricting band, to a mere pedicle which passes out of the body of 
the embryo at the point of the future umbilicus. 

The downwardly folded portions of blastoderm are termed the 
visceral plates. 

Thus we see that the body-cavity is formed by the downward 
folding of the visceral plates, just as the neural cavity is pro¬ 
duced by the upward growth of the dorsal lamina), the difference 
being that, in the visceral or ventral laminae, all three layers of 
the blastoderm are concerned. 

The folding in of the splanchnopleur, lined by hypoblast, 
pinches off a portion of the yolk-sac, inclosing it in the 
t)ody-cavity. This forms the rudiment of the alimentary canal, 
which at this period ends blindly towards the head and tail, 
while in the centre it communicates at first freely, and then by a 
narrow tube with the yolk-sac. 

"The cavity within the hypoblast thus bepomes divided into two 
portions which communicate through the vitelline duct; the 
portion within the body gives rise, as above stated, to the diges¬ 
tive canal, and that outside the body remains for some time as 
the umbilical vesicle (fig. 609, v). The hypoblast forming the 
epithelium of the intestine is continuous with the lining mem¬ 
brane of the umbilical vesicle, while the visceral plate of the 
mesoblast is continuous with the outer layer of the umbilical 
vesicle. 

The above details will be clear on Preference to the accompany¬ 
ing diagrams, some of which, however, allude to structures we 
have not as yet touched upon. We may here mention three 
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other terms that are eihployed. The part of the primitive 
alimentary canal enclosed by the head-fold is called the fore-gut; 
that enclosed by the tail-fold is called the hind-gut ; the remainder 
is called the mid-gut. 

We have now seen the way in which a distinct embryo with 



Fig 609.—Diagrammatic section showing the relation in a mammal between the primitive 
alimentary canal and the membranes of the ovum. The stage represented in this 

Ji - -— jnds to that of the fifteenth or seventeenth day m the hum-’- 

xpnnsion of the allantois; c, the villous chorion; «, the 1 
. . . mergence of the amnion and reflexion of the false amnii 

outer or corneous layer; e, the head and trunk of the embryo, comprising? the primitive 
vertebra* and cerebro-spinal axis ; i, i, the simple alimentary canal in its upper and 
lower portions. Immediately beneath the right hand i is seen the foetal heart, lying 
in the anterior part of the pleuro-peritoneal cavity ; v, the yolk-sac or umbilical vesicle; 
vi, the vitello-intestinal opening; u, the allantois connected by a pedicle with the anal 
portion of the alimentary canal, (ftuain.) 


foreshadowings of the future organs is formed. In subsequent 
sections we shall have to study the way in which each set of 
organs is elaborated from these primitive structures. We may 
conclude this section by giving a list of the organs which »re 
formed from the several primary embryonic layers:— 

1. From Epiblast. — a. The epidermis and its appendages. 

b. The nervous system, both central and peripheral. 

c. The epithelial structures of the sense-organs. 

d. The epithelium of the mouth, the enamel of the teeth. 
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e. The epithelium of the nasal passages. 

f. The epithelium of the glands opening on the skin and into 
the mouth, and nasal passages. 

g. The muscular fibres of the sweat-glands. 

2. From Mesoblast. — a. The skeleton and all the connective- 
tissues of the body. 

b. All the muscles of the body except those of the sweat- 
glands. 

c. The vascular system, including the lymphatics, serous mem¬ 
branes, and spleen. 

d. The urinary and generative organs, 1 except the epithelium of 
the bladder and urethra. 

The Somatuplewr forms the osseous, fibrous, and muscular tissues 
of the body-wall including the true skin. 

The Splanchnopleur forms the fibrous and muscular walls of 
the alimentary canal, the vascular system, and the urino-genital 
organs. 

3. Prom Hypoblast. — a. The epithelium of the alimentary 
canal from the back of the mouth to the anus, and that of all the 
glands which open into this part of the alimentary tube. 

b. l*he epithelium of the respiratory cavity. 

c. The epithelium of the Eustachian tube and tympanum. 

d. The epithelium lining the vesicles of the thyroid. 

e. The epithelial nests of the thymus. 

/. The epithelium of the bladder and urethra. 


The Foetal Membranes. 

This subject will be best understood by taking a view of the 
uterus and its contents after the formation of all the membranes. 
We can then pass to the way in which the several membranes are 
firmed. 

The uterus, the muscular walls of which are hypertrophied, is 
lined by a greatly thickened mucous membrane, which is called 
the decidua, because after the delivery of the child it comes away 
from the uterus with the other membranes. The decidua is 
divided into three parts; the lining of the uterine cavity is 
called the decidua yera ( dv ) ; a continuation of this reflected over 
the foetus and its membranes is called the decidua reflexa (dr) ; 
the portion of the decidua vera which is situated within the line 
of attachment of the decidua refiexa is called the decidua 
wrotina (ds). These membranes are maternal in origin. Within 
the decidua reflexa are situated the foetal membranes j the outer- 
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most of these is called the chorion ; at first this is covered with 
villi containing blood-vessels ; the villi dip into the surrounding 
decidua, but soon all of them atrophy and disappear, except 
those that dip into the decidua serotina,. where they become 
greatly enlarged. 

The chorion is really formed by a fusion of two foetal mem- 
bj*anes ; the false amnion and ; tHe^llaniow' Begins 

as an outgrowth from the hind-gut; the mesoblast which covers 
it becomes developed into blood-vessels, and thus the false 
amnion to which it becomes adherent is vascularised; the main 



Fig. 610.—Diagrammatic view of a vertical transverse section of the uterus at the seventh 
or eighth woek of pregnancy, c, c, c', cavity of uterus, which becomes the cavity of 
the decidua, opening at c, c, the cornua, into the Fallopian tubes, and at d into the 
cavity of the cervix, which is closed by a plu^ of mucus; d v, decidua vera; d > 
decidua reflexa, with the sparser villi imbedded in its substance; d s, decidua serotina, 
involving the more developed chorionic villi of the commencing placenta. The foetus 
is seen lying in the amniotic sac: passing up from the umbilicus is seen the umbilical 
cord and its vessels passing to their distribution in the villi of the chorion; also the 
pedicle of the yolk-sac, which lies in the cavity between the amnion ana chorion. 
(Allen Thomson.) 


vessels in the stalk of the allantois convey blood to and fro 
between the foetus and the placenta. The placenta is formed 
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of partly maternal tissue {decidua serotina) ; partly of foetal 
tissue {chorion). Within the chorion is another foetal mem¬ 
brane, which is attached to the ventral wall of the embryo; 
it is called the amnion. This forms a sheath to the allantoic 
stalk or umbilical cord, aud is then reflected over the rest of the 
embryo. In the umbilical cord is seen the remains of the yolk- 



Fig. 611.—Diagram of an early stage of the formation of the human placenta, n, 
embryo; ft, amnion; c, placental vessels ; <i, decidua reflexa ; e, chorion ; /, placental 
villi; g, mucous membrane or decidua vera. (Cadiat.) 

sac or umbilical vesicle. The amnion is filled with amniotic fluid 
in which the foetus floats, and is thus protected from external 
violence. The os uteri is closed by a plug of mucus. 

Fig. 611 is a rather more diagrammatic view of the same 
structures in outline, the villi over the general surface of the 
chorioft having disappeared. 

Development of the Decidua. 

The ovum which has been fertilised in the Fallopian tube usually 
arrives in the uterus in the condition of the trila minar b lastoderm. 
It is larger than the undeveloped ovum, but still it is extremely 
small. It arrives in the uterus from which the mucous membrane 
was removed in the preceding menstrual flow, and the new mucous 

S ining (decidua) which is in progress of growth is thicker, more 
ralpy, aud has longer glands than it w&uld have had if fertilisation 
lad not occurred. In this the ovum is speedily imbedded, 
usually near the fundus of the uterus; the mucous membrane 
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grows over the little ovum and encloses it, and so the decidua 
reflexa is formed ; the decid u a s ^rotina is that part of the decidua 
ver a whic h intervenes between the ovum and. the uterine wall 
within the ci rcle of attachment of the decidua reflexa. 

With the subsequent growth of the ovum, the decidua reflexa 
expands also, encroaching more and more on the uterine cavity, 
and ultimately coming into contact with the decidua vera, with 
which it blonds, 

The glands of the decidua were at one time supposed to receive 
the villous outgrowths of the chorion. It has since been shown 
that these grow into the substance between the glands. Th< 
glands^ however, furnish a secretion called uterine milk, whicl: 
as sists the nour ishment of the embryo previous to the establish 
merit of the placental circulation. Later on the glands arc 
obliterated. 

The decidua serotina is the part which undergoes most change 
an irregular spongy tissue is formed in this situation; and the 
spaces in the spougework arc filled with blood ; the spongewori 
of vascular spaces is incompletely divided into what are called 
cotyledons by fibrous bauds ; and each cotyledon receives a muck 
hypertrophied chorionic villus. It is this conjunction of chorionic 
villi with decidual tissue that makes up the placenta, which at 
full term is seven or eight inches across and weighs nearly a 
pound. 

The placenta is the situation where the foetus receives its- 
nutriment ami its oxygen. There is no direct communication 
between the vascular systems of the mother and foetus. The 
sinuses of the placenta are filled with maternal blood from the 
uterine arteries; the uterine veins carry it away; but in these 
blood-spaces the tufts of foetal blood-vessels arc hanging. Oxygen 
and nutriment pass through the walls of the foetal bloocLvessels 
from the maternal to the foetal blood, and carbonic acid, urea 
and other waste products pass in the contrary direction. The 
foetal blood leaves the foetus by the two umbilical arteries, which 
are the terminal branches of the foetal aorta ; these pass in the. 
stalk of the allantois to the placenta, and after undergoing 
oxygenation in the placental tufts, it returns by the umbilical 
vein to the foetus once more. 

Development of the Foetal Membranes. 

The Yolk-sac. —We have already considered the way in 
which the body of the embryo is pinched off from the yolk-sac. 
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Numerous blood-vessels are developed in its wall, and the 
nutriment thus absorbed from it passes to the foetal heart by two 



Fig. 612.—Diagram showing vas¬ 
cular area in the chick. <t, area 
pellueida ; b, area vaseulosa; 
c, area vitellina. 


veins called the omphalo-mesenteri c 
veins. The blood-vessels are first 
formed at the circumference of a 
clear area surrounding the embryo; 
and the place where they are situated 
is called the vascular area. This is 
shown about the natural size in the 
hen’s egg in fig. 612. 

In birds * the yolk-sac affords 
nutriment till the end- of incuba¬ 
tion, and the omphalo-mesenteric 
vessels are developed to a corre¬ 
sponding degree ; but in mammalia 


the office of the umbilical vesicle 




Fig. 613. 


Fig. 614. 



Fig. 615. 


Figs. 613 614, and 6*5.—Diagrams showing three successive stages of development. Trans¬ 
verse vertical sections. The yolk-sac, pa, is seen progressively diminishing in size. 
In the embryo itself the medullary canal and notochord are seen in section, a', in 
middle figure, the alimentary canal, becoming flinched off from the yolk-sac; o', in 
lower figure, alimentary canal completely closed; a, in last two figures, amnion; oc, 
cavity of amnion filled with amniotie fiuid; pp, space between amnion and chorion 
continuous with the pleuro-peritoneal cavity inside the body; t it, vitelline membrane, 
or zona pellueida; ya. yolk-sac, or umbilical vesicle. (Foster and Balfour.). ' 
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ceases at a very early’ period, as the quantity of the yolk 
is small, and the embryo soon becomes independent of it by 
the connections it forms with the parent. Moreover, in birds,, 
as the sac is emptied, it is gradually drawn into the abdomen 
through the umbilical opening, which then closes over it: but in 
mammalia it always remains on the outside ; and as it is emptied 
it contracts (fig. 615), shrivels up, and together with the part of, 
its duct external to the abdomen, is detached and disappears, 
either before or at the termination of intra-uterine life, the period 
of its disappearance varying in different orders of mammalia. 

When blood-vessels ttegiy to be developed, they ramify largely 
over the walls of the umbilical vesicle, and are actively concerned 
in absorbing its contents and conveying them away for the 
nutrition of the embryo. 

At an early stage of development of the foetus, and some time 
before the completion of the changes which have been just 
described, two important structures, called respectively the 
amnion , and the allantois, begin to be formed. 

Amnion. —The amnion is produced as follows :—Beyond the 
head-and tail-folds before described (p. 776), the somatopleur 
coated by epiblast, is raised into folds, which grow up, arching 
over the embryo, not only anteriorly and posteriorly but also 
laterally, and all converging towards one point over its dorsal 
surface (fig. 617). 

The folds not only come into contact but coalesce. The inner of 
the two layers forms the true- amnion ; it is composed externally of 
mesoblast and is lined by epiblast; the outer layer is termed the 
false amnion ; it is composed externally of epiblast and is lined 
by mesoblast. It coalesces with the inner surface of the remains 
of the original vitelline membrane or zona pellucida. 

The cavity between the true amnion and the external Surface 
of the embryo becomes a closed space, termed the amniotic cavity 
( ac , fig. 615). 

At first, the amnion closely invests the embryo, but it becomes 
gradually distended with fluid ( lujuor amnii), which, as pregnancy 
advances, reaches a considerable quantity. 

This fluid consists of water containing small quantities, of 
albumin, urea, and salts. Its chief function during gestation 
appears to be the mechanical one of affording equal support to the 
embiyo on all sides, and of protecting it as far as possible from 
the effects of blows and other injuries to the abdomen of the 
mother. I| is an exudatidlf from.both foptal and maternal blood; 
the urea in it comes from the. fetal urine, which .is passed into it 
ih tfie later months of pregnancy. 

K.P. 3 E 
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Fig. 617. — Diagram of 
fecundated egg. 
uinbilioal vesicle; l>, 
amniotic cavity ; c, 
allantois. (Dalton.) 


On referring to figs. 613, 614 and 6 i£, it will be obvious that 
the cavity outside the amnion, between it and the false amnion, 
is continuous with the pleuroperitoneal cavity at the umbilicus. 

_ This cavity is not entirely obliterated even 

at birth, and contains a small quantity of 
fluid, which is discharged during parturition 
either before, or at the 
same time as the amnio- o 

tic fluid. 

Allantois. — Into 

this space the allantois // 

sprouts out, its forma- U 

tion commencing during \v 

Fig. 616.—Human cm- the development of the ^ 

bryo of fifth week . ■ 

with umbilical vesi- amniOll. a 

?noi*Ar. n f lt S! (trowing out from the Fig- 617. — Diagram of 
size. (Dalton.) Tht ... *\. . . fecundated egg. », 

human umbilical ve- hinder portion ot the 111- uinbilioal vesicle; l>, 

sicle never exceeds , i w n / amniotic cavity; c, 

the size of a small testllial CHlial (f,tlg. 6 1 7), allantois. (Dalton.) 

pea ‘ with which it communi- - 

cates, the allantois is .at first a solid pear-shaped mass of spxauch- 
nopleur; it becomes vesicular by the projection into it of a 

hollow outgrowth of hypoblast. The 
' 1 hypoblast, however, does not extend very 

/—1 far. The mesoblastie part. of tl'c. allantois 

very soon becomes, -vascular, imdansiijaijites 
k \ "Itself. between the amniotic folds, just de- 
'1 scribed. It unites with the outer of the 
J two folds (false amnion), which has itself, 
J as before said, become one with the re¬ 
mains of external investing membrane of 
the egg. As it grows, the allantois be- 

Fie 'wHh“au e a C ntoi ate tcaSy comes exceedingly vascular; in birds it 

complete, a inner layer envelopes the wdiolc embryo — taking up 
of amniotic fold; ft, outer . 1 " , 1 

layer of ditto; c, point vessels to the outer investing membrane 
e routar°t. ic *The the egg, and lining the inner surface of 

tratingbetwee^theouter tlle shc11 witl ‘ fl vaa °ular membrane, by 
and inner layers of the these means affording an extensive surface 
amniotic folds. This . ° . 

figure, which represents in which ttie blood may be aerated. .Jn 

toe ‘paSs** within the human subject and in other raam- 
parek yrith'flgs.^sgS°597* ma ^ a > the vessels carried by the allau- 
m which'win be found tois arc ultimately distributed only to 
to these folds, (Dalton.) a special part of the false amnion, whore, 
by interlacement with the vascular system 
of the mother, the /.laemta is-^eyeloped. 


Fig. 618.—Fecundated egg 
with allantois nearly 
complete, a, inner layer 
of amniotic fold; b, outer 
layer of ditto; c, point 
where the amniotic folds 
come in contact. The 
allantois is seen pene¬ 
trating between the outer 
and inner layers of the 
amniotic folds. This 
figure, which represents 
only the amniotic folds 
and the parts within 
them, should be com¬ 
pared with figs. 596, soy, 
m which' will be found 
the structure* external 
to these folds. (Dalton.) 
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Tn mammalia, as the visceral laminae close in the abdominal 
cavity, the allantois is thereby divided at the umbilicus into two 
portions ; the outer part, extending from the umbilicus to the 
chorion , soon shrivelling ; whilw tka inner part remaining in the 
abdomen, is in part con verte d. iixU» 4 lveuEmary tilarlfierYThe. portion 
of the inner part not so converted, extends from the bladder to the 



Fig. 610. Fig. 620. 

Figs. 6,9 and 620. - - H, chorion with villi. The villi are shown to la; best developed in the 
part of the chorion to which the allantois is extending; this portion ultimately be¬ 
comes the placenta ; h, space between the true and false amnion ; c, amniotie cavity 
il, situation of the intestine, showing its connection with the umbilical vesicle; e, um¬ 
bilical vesicle ; /, situation of heart and vessels ; </, allantois. 


umbilicus, under the name of the urachus . After birth the um¬ 
bilical cord, and with it the external and shrivelled portion of the 
allantois, are cast off at the umbilicus, while the urachus remains 
as an impervious cord stretched from tlie top of the urinary 
bladder to the umbilicus, in the middle line of the body, imme¬ 
diately beneath the parietal layer of the peritoneum. 

It must not be supposed that the phenomena which have been 
successively described, occur in any regular order one after 
another. On the contrary, the development of one part is going 
on side by side with that of another. 

The Chorion. —This is formed by the fusion of three 
membranes, namely, the original vitelline membrane, t.he outer 
layer-jot, the amniotie _fold (false 

suppl ies it with 1 j1ooiS>a :e 8 aol»f . 

Very soon after its formation, its outer surface is beset with 
fine^proeessps, chorionic («, figs. 619, 620), which give it a 
tough, and shaggy appearance. At first only c ellular ip struct ure, 
these little'** outgrowths subsequently, b ecome va s cular by t he 
development in them of loops of capillaries Y^- ^ iTl^ 1 ^ the 

8 E 2 
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latter at length form the minute extrenyties of the blood-vessels 
which are conducted from the foetus to the chorion by the allantois* 
The function of the v illi of the chorion is evidently the absorption 
of nutrient matter for the foetus ; and this is probably supplied to 
them at first from the fluid matter, secreted by the glands of the 
uterus in which they are. soaked. Soon, however, the foetal 
vessels of the villi come into more intimate relation with the 
vessels of the uterus. The part at which this relation between 

the vessels of the foetus and those of 
the parent ensues, is not, however, over 
the whole surface of the chorion; for, 
although all the villi become vascular, 
yet they become indistin ct or disappear 
except a t one pa rt w here they are greatly 
developed, and by their branching give 
rise, with the vessels of the uterus, to 
the formation of the placenta. The 
structure and functions of the placenta, 
however, we have already described in 
connection with the decidua. 

The umbilical cord is composed 
of the following parts :— (1.) Ex¬ 
ternally, a layer of the amnion, re¬ 
flected over it from the umbilicus. 
(2.) The umbilical vesicle or yolk-sac with its duct and ap¬ 
pertaining omphalo-mesenterie blood-vessels. (3.) The remains 
of the allantois, and continuous with it the urachus. (4.) 
The umbilical vessels, tw'o arteries and one vein, which ultimately 
form the greater part of the cord. These are embedded in a jelly- 
like connective tissue called the Whartoniau jelly. 

The 'After-birth .—In parturition, the pressure of the uterine 
anti abdominal walls upon the uterine contents, and especially on 
the amniotic fluids, causes a bulging of the membranes (combined 
deciduae, chorion and- amnion) through the os uteri. When the 
membranes are ruptured the fluid escapes, and then the foetus is 
expelled. Later contraction s of the uterus detach the placenta 
from the uterine wall, and tins Is Th'TiYm expelted TtTio'separation 
extends around the decidua lining the rest of the uterus, and, 
turned inside out, this follows the placenta, carrying with it the 
other membranes. This constitutes the after-birth. The sever¬ 
ance of the umbilical cord should not ]pe done until some minutes 
after the birth of the child, or it is deprived of a good deal of the 
blood which is subsequently squeezed out of the placenta into it. 
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Development of the Framework of the Body. 

The notochord is a primitive vertebral column which, unlike 
the true vertebral column that replaces it, is a single rod. In 
amphioxus and the lampreys, however, it remains in the adult as 
a permanent skeletal support. In structure it closely resembles 
cellular cartilage (p. 57), and is enclosed in a sheath. It is 
composed of a very insoluble proteid-like matter, which is, however, 
not collagen. Collagen, and gelatin which is formed from it by 
boiling, are characteristic ,of true connective tissues; these are 
formed from mcsoblast; the notochord is hypoblasfcic. It contains 
also, like all embryonic tissues, a large quantity of glycogen. Its 
place is ultimately occupied by the vertebral bodies, but traces of 
it are found even in the adult in the Centre of the intervertebral 
discs. 

The protovertebree or protovertebral . somites form the 
vertebra' and other structures as well.| Each divides vertically 
into two parts, an inner and an outer. It is the inner division 
that forms the vertebra;; the outer division is called the musculo¬ 
cutaneous plate, and it is continued into the general mesoblast 
which divides into the splanchnopleur and somatopleur with the 
pleuro-peritoneal cavity between them. ' ' 

The inner portion of each pair of protovertebne grows around 
the notochord and in time almost obliterates it; this forms the 
body of the vertebra ; it also grows around the primitive spinal 
cord, and so forms the neural arch of the vertebra. This part of 
the protovertfebra is more distinctly separated from the other 
segments of the protovertebral column from the first, and so 
allows the spinal nerves which are sprouting out from the spinal 
cord to leave the spinal cord for the body walls. * 

^ At first, all these parts are composed of protoplasmic embryonic 
cells, but as development progresses the cells become specialised 
in function and structure, some becoming cartilage cells, others 
muscular* fibres, &c. At a later date still the cartilaginous 
vertebne are replaced by bone. 

The vertebrae do not exactly correspond in their position to the 
protovertebra); each vertebra is developed from the contiguous 
halves of two protovertebra). The original segmentation of the 
protovertebra) disappears, and a fresh subdivision occurs in such a 
1 way that the intervertebral disc is developed opposite the centre 
of 7 each protoviJrtcbra. m the muscnlo-cutaneous plate are 
developed the musefes aiid true s kin 6f the body vyall, -and..the 
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While these changes have been going on, the ventral walls of 
the embryo have been formed by the downgrowth of the cephalic* 
fold in the head region, the caudal fold at the tail end of the 
animal, and the two lateral or umbilical folds which grow last and 
enclose the thoracic and abdominal organs. 

The embryo also undergoes' certain changes in form and 
attitude; in the first place torsion takes place; this is more 
marked in birds and reptiles than in mammals ; by this term one 
means that the embryo no longer lies ventral surface downwards 
facing the yolk-sac, but turns slightly over so that the left side is 
lowermost ; in birds the embryo may tun# through a quarter of a 



Pig. 622.—A human embiyo of the fuuith week, linen in length.— 1, the chorion; part 
of the amnion: 4, umbilical vesicle with its long pedicle passing into the abdomen; 7, 
the heart; 8, the liver; 9, the visceral arch destined to form the lower juw, beneath 
which are two other visceral arches separated by the branchial clefts; 10, rudiment of 
the upper extaemity; n, that of the lower extremity; 12, the umbilical cord; 15, 
the eye; 16, the ear; 17, cerebral hemispheres ; iR, optic lobes, corpora cjuudrigemiua. 
(MiUler.) 


circle. .Then the vertebral column becomes curved, but the chief 
bend is known as the princitxil cep halic He.ra re. This occtirs at 
the? anterior end of the notochord ; it is a strong angular flexion 
in the region of the mid-brain, which is subsequently the position 
of the sella turcica. 

In connection with this must be mentioned the development of 
the pituitary body which occupies the sella turcica in the adult. 
It is formed by the meeting of two out-growths, one from the 
foetal brain, which grows downward, and the other from the 
[epiblast of the buccal cavity, which grows up towards it. The 
surrounding mesoblast also takes part in its formation. The 
connection of the first process with thfe brain becomes narrowed, 
and persists as the infundibulum, while that of the other process 
with the buccal cavity disappears completely. 
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The Limbs. —The muscles of the body developed from the 
lateral extensions of tile protovertebra} are, at first, like tjie 
vertebra}, arranged in successive segments .or. myotomes. This is 
very well seen in the ringed condition of the muscles in such 
simple vertebrates as amphioxus. Even in fishes, where the limbs 
are not in a high state of development, the muscular segments are 
well seen. They arc seen also in man in the intercostal muscles, 
and in the abdominal region are indicated by the transverse septa 
across the rectus abdominis, but here, as in other mammals, this 
simple metamcric segmentation is masked by the great develop- 
ment of the large mftscles which attach the limbs to the four 
corners of the trunk. 

The limbs are lateral extensions o f seg ments or. somites in 
certain situations. They consist of parietal mesoblast covered, by 
epiblast. At first there is simply a bud, but this grows, and in 
time divides into three segments, arm, fore-arm, and hand in the 
upper limb ; thigh, leg, and foot in the lower limb. The hand 
and foot then give rise to buds corresponding to the digits. Each 
limb is connected to a limb girdle. The epiblast here,%s else¬ 
where, forms the epidermis ; the true skin, subcutaneous tissues, 
muscles, blood-vessels, and cartilages (subsequently replaced by 
bone) are formed by differentiation from the mesoblast. In 
further development the positions of the limbs become shifted by 
rotation, so that the anterior (radial) border of the upper limb 
becomes outermost, and the anterior (tibial) border of the lower 
limb becomes internal. 

Formation of the Head. 

In the formation of the head, a number of elements are con¬ 
cerned. There is first the notochord, which extends as far 
forwards as the dorsum xelltc ; this, however, as in the vertebral 
column, is transitory, and as soon replaced by a primitive cartila - 
.rinf>ng e r ftnin»i..de velope d from .thflL mesoblast aroundjt, as tho 
vertebra; are developed from the protovertebrse. Thia.fQmta. the 
' base of t.hn skul l. The roof or cranial vault is formed by mem¬ 
brane bones, that is, bones not preceded by cartilage; sense 
capsules which form around prolongations of the brain, and the 
visceral arches and slits contribute to the formation of that part 
of the head which is called the face. The mesoblast, which 
continues up the protovertebrae into the head region on each side 
of the notochord, is not* separated into parts corresponding to 
vertebrae. Cartilage is formed in it; two cartilaginous barn, one 
on each side of the notochord, are called the parachordal cartilages. 
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and two other bars embracing the,,pj&iitary body situated in front 
Qf these are called the trabeculae cranii (fig. 623, a). These unite 
in front, and with the parachordal cartilages behind to form a; 
continuous mass (basilar cartilage), which completely invests the 
notochord posteriorly (fig. 623, u). The parachordal part of this 
represents the basi-oceipital and basi-sphenoid; the prechordal 
part represents the pre-sphenoid and ethmoid portions ; posteriorly 
and at the sides, cartilaginous plates grow over the cerebral 
vesicles, but this only occurs to a small extent in mammals. In 
these animals the occipital region alone is roofed in by cartilage; 
nlie rest of the cranial vault being formed *of membrane bones. 

Anteriorly the united trabecula) form the ethnoid cartilage and 
the nasal septum, and enclose the nasal pits externally. 

From the sides of the pre-sphenoid, the lesser wings or orbito- 

A. B. 



Fig. 623.—Diagrams of the cartilaginous cranium. 

A, first stage. < 7 <, notochord; .'/V, trabecule cranii; l‘.rh„ parachordal cartilages; /', 
situation of pituitary body; -V, E, O, situations of olfactory, visual, and auditory 
organs. . 

11 , later Btage. basilar cartilages; .S', nasal septum and ethmoidal cartilages; Eth, 

litli, prolongations of ethmoid around olfactory organ, completing the nasal capsule ; 
-V, /£, o, Ch, Tr, /', as before. (After Wiedersheim.) 

sphenoids containing the optic foramina are developed, and from 
the sides of the basi-sphenoid the greater wings or alisphenoids 
A cartilaginous capsule invests the auditory vesicle and Becomes 
connected to the parachordal cartilage on each side. It is called 
the periotic capsule; within this bony centres are formed, and 
the bone constitutes the petrous and mastoid portions of the tem¬ 
poral bone. 

The Visceral Clefts and Arches. —In all vertebrata there 
is at one period of development a series of slits in the neck region; 
these are formed as iupushings from the exterior, and open into 
the anterior end of the alimentary canal. These are six in 
number, but in man the two hinder ones rapidly disappear; the 
first enlarges and forms the mouth ; and at the sides of this the 
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eyes arc formed by depressions of the.skin which meet the optic 
vesiQeSi Outgrowths from £he.brain. The nasal pits take origin, 
as two simple depressions, the primary olfactory or nasal pits ; 
these become connected to the first visceral slit or cleft. The 
second slit, which corresponds to the spiracle of fishes, becomes 
the external a uditory meatus and the Eustachian tube. The 
remainder, whicTTcorrespond to the gill slits of fishes, entirely close 
up in mammals, and no gills are developed on their margins. 

The anterior border of each cleft forms a fold or lip, the 
branchial or visceral fold. The posterior border of the last 
cleft is also formed into* a fold, so that there are four clefts and 
five folds, but the three most anterior are far more prominent 
than the others, and of these the second is the most conspicuous. 
The first fold nestrly meets its fellow in the middle line, the second 
less nearly, and the others in order still less so. The first arch 


B 



Fig. 624.—A. Magnifitgl view from before- of the head und neck of a human embryo of 
about three weeks (frum^Ecker). - 1, anterior cerebral vesicle or cerebrum; 2, 
middle ditto; i. middle or fronto-nasul process; 4, superior maxillary process; 
5, eye; 6, inferior maxillary process, or first visceral arch, and below it the first 
cleft; 7, 8, 9, second, third, and fourth arches and clefts, it. Anterior view of the 
head of a human foetus of about the fifth week (from Ecker, as before, fig. IV.). 
1, 2, 3, 5. the same parts as in a ; 4, the external nasal or lateral frontal process; 
<>. the superior maxillary process; 7, the lower jaw ; x, the tongue ; 8, first postoral 
cleft becoming the meatus auditorius extemus. . 


gives off' a branch from its front edge, which passes forwards to 
meet its fellow, hut these offshoots do not quite meet, being 
separated by a process which grows downwards from the head. 
Between the branches, or maxillary processes, and the main first 
fold is the cavity of the mouth. The branches represent the 
superior maxilla, and the main folds the mandible or lower jaw. 
The central process, which grows down, is the fronto-nasal process. 

From or in connection with these arches the following parts are 
developed:— 

The first- arch (mandibular) contains a cartilaginous rod 
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(Meckel’s cartilage), around the distal end of which the lower jaw 
is developed, while the malleus is ossified from the proximal end-, 
When the maxillary processes on the two sides fail partially*#, 
completely to unite in the middle line, the well-known condition 
termed cleft-palate results. When the integument of the face 
presents a similar deficiency, we have the deformity known as 



Fig. 625.—Embryo chick (4th day), viewed as a transparent object, lyiiic on its left side 
(magnified). 0 II, cerebral hemispheres ; F It, fore-brain or vesicle of third ventricle, 
with Pn. pineal gland projecting from its summit; . 1 / S, mid-brain ; <! b, cerebellum ; 

IV, V, fourth ventricle ; lens ; c h s, choroidal slit ; On. V, auditory vesicle ; .v m, 
superior maxillary process; 1 F, 2F, &c., first, second, third, and fourth visceral folds; 

V, fifth nerve, sending one branch (ophthalmic) to the eye, and another to the first 
visceral arch; VII, seventh nerve, passing to the second visceral arch; ( 1 . Ph, glosso¬ 
pharyngeal nerve, passing to the third visceral arch; P g, pneumogastric nerve, pass¬ 
ing towards the fourth visceral arch ; i t>, investing mass ; e h, notochord; its front 
end cannot he seen in the living embryo, and it does not.end as shown in the figure 
but. takes a sudden bend downwards, and then terminates in a point; lit, heart seen 
through the walls of the chest; MP, muscle-plates; W, wing, showing commencing 
differentiation of segments, corresponding to arm, forearm, and hand; .S' . 9 , somatic 
stalk; Al, allantois; H L, hind-limb, as yet a shapeless bud, showing no differentia¬ 
tion. Beneath it is seen the curved tail. (Foster and Balfour.) 


hare-lip. Though these two deformities frequently co-exist, they 
are by no means always necessarily associated. 

The upper part of the face in the middle line is developed from 
the frontal-nasal process (a, 3, fig. 624). 

From the second arch are developed the incus, stapes ,* and 
stapedius muscle, the styloid process of the temporal bone, the 
stylo-hyoid ligament, and the smaller cornu of the hyoid bone. 


* The origin of the ear ossicles given in the text is only one of five or six 
different views that have been advanced by different observers. 
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•®!rom the third visceral 'arch, the greater cornu and body of the 
hyoid boiie arise. In man and other mammalia the other arches, 
iflisappear. They occupy the position where the neck is afterwards 
developed. 

' - A distinct connection is traceable between these visceral arches 
and certain cranial nerves: the trigeminal, .the facial, the glosso¬ 
pharyngeal, and the vagus. The ophthalmic division of the 
trigeminal supplies the fronto-nasal process; the superior and 
inferior maxillary divisions supply the maxillary and mandibular 
arches respectively. 

The facial nerve distributes one branch (chorda tympani) to 
the first visceral arch, and others to the second visceral arch. 
Thus it divides, enclosing the cleft next behind the mouth. 

Similarly, the* glosso-pharyugeal divides to enclose the third 
visceral cleft, its lingual branch being distributed to the second, 
and its pharyngeal branch to the third arch. 

The vagus, too, sends a branch (pharyngeal) along the next 
arch, and in fishes gives off paired branches, which divide to 
enclose the remaining branchial clefts. 


Development of the Vascular System. 

We have already mentioned that at an early stage in develop¬ 
ment the area vaundosa makes its appearance in the part of the 
yolk-sac which is separated from the body of the embryo by a 
clear space (see fig. 612). This is produced by mesoblastic cells 
becoming hollow^ filledjyith blood, and uniting_ to_ form embr yo nic 
capillaries (see p. 584). These Vessels converge to two trunks, 
one on each side, which are called the omphalo-meserUeric or 
vit ellin f ..veins, an d th ese lead tojb he e mbryonic heart. . 

The heart is developed fif the splanchnopleur, by a folding off 
of the pleuroperitoneal cavity. It appears beneath the posterior , 
end of the fore-gut. Its first appearance, however, is as two? 
tubes, one 011 each side of the fore-gut. This is shown in outline 
in the next diagram (fig. 626). 

It will be seen that the medullary groove is enlarged anteriorly, 
and the primary optic vesicles are growing from the first cerebral 
enlargement. Eight pairs of protovertebree are seen; and on 
either side of the head the primitive tubular heart (H) is seen. 

If we look at a rather later stage, shown in transverse section 
in the next figure (fig. 627),*we see the two tubular hearts cut 
across, and approaching one another beneath the alimentary 
canal, which is being cut off from the yolk-Bae. 
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Fig. 628 shows how the two primitive tubes have coalesced to 
form one (H) beneath the anterior end of the alimentary canid, 
which is in this region quite cut off from the yolk-sac. On each 



1%. 626.—Babbit embryo of the 
ninth day, seen from the 
surface. (After Kolliker.) 



Fig. 627.—Diagrammatic section of embryo. 
K, epiblast; Sn, somatopleur; .S’/>,splaneh- 
nopleur; F.P.,theplouro-peritoneal cavi¬ 
ty between them ; If, heart; N. <, neural 
cord; N, notochord; /V., protovertebra ; 
A.C., alimentary canal; I'.*'., yolk-sac. 


side of the notochord are seen two smaller tubes (A A) in section ; 
these are the transverse sections of the primitive aorta;. 



The heart so formed presents the appearance depicted in fig. 
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629 ;• this is viewed from below, so that the heart receiving the 

two omphalo-mesenteric veins at its 
fft ek hinder end is seen above the ali- 



Fig. 629.—Embryo chick (36 hours), 
viewed from beneath an a trans¬ 
parent object (iimffhifled). 


mentary canal, the yolk-sac having 
been removed. 

The heart gives off anteriorly^ 
the primitive aorta, which soon 
divides into two ; these pass routidl 
the blind anterior end of the ali¬ 
mentary canal, and then pass back 
, along its dorsal aspect on each side 
of the notochord, as seen in trans¬ 
verse section in fig. 628. 

The h eart is at fi rst a simple 
tube, but soon is divided into a 
longitudinal series of chambers 
which contract in the order named 
from before backwards: (x) the 
sinus venosus, where the veins 
enter; (2) the auricle, which in 



Fig. 630.—Heart of the chick at the 45th, 65th, 
and 85th hours of incubatiop. i, the venous 
trunks; 2, the auricle; 3, the ventricle; 
4, the bulbus arteriosus. {Allen Thomson.) 


mammals fuses with the sinus to form a single chamber ; in 
fishes and amphibians sinus and auricle are distinct; then .comes 
{3) the ventricle, and (4) the commencement of the aorta, which 
is called the aortic bulb. Later on the heart is twisted upon 
itself in the way represented in fig. 630, so that the auricle 
gets on the top of the ventricle, and the latter cavity increases 
in relative strength and size. 

Fig. 631 represents the primitive heart and vessels in outline. 

The omphalo-mesenteric veins (1,1) enter the auricle (2); then 
come the ventricle (3) and aortic bulb (4); the two primitive 
aortse arising from this pass forwards and then turn backwards 
over the end of the fore-gut, and join together to form the dorsal 
aorta (6) lower down the Big branches (7, 7) which it gives off 
Are the two omphalo-nSfeenteric arteries to the yolk-sac. 

Hie smaller allantoic or umbilical arteries (8, 8) pass to the 
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allantois, the circulation in which begins soon, and this replaces 
»the circulation from the yolk-sac, which in mammals is very in¬ 
significant. The umbilical arteries are the terminal branches of 



Fig. 631.—Early stage of em¬ 
bryonic heart and blood¬ 
vessels. 



Fig. 63^. Diagram of young embryo and 
its vessels, showing course of circu¬ 
lation in the umbilical vesicle ; and 
also that of the allantois (near the 
caudal extremity), which is just com¬ 
mencing. (Dalton.) 


the fietal aorta; the common iliac arteries to the lower limbs 
arise later, when the limbs begin to form. 



Fig. 633.—Diagram of embryo and its vessels at #later stage, showing the second cir¬ 
culation. The pharynx, oesophagus, and intestinal canal have become further 
developed, and the inesenteric arteries have enlarged, while the umbilical vesicle and 
its vascular branches are very much reduced in size. The large umbilical arteries 
are seen passing out in the placenta. (Dalton.) 
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Tlie replacement of tlie circulation in the yolk-sac, or umbilical 
vesicle, by the allantoic or placental circulation is illustrated by 
the next two diagrams (tigs. 632, 633). 

As the body develops new arteries and new veins form, and the 
heart becomes more complicated. The ventricle is divided into 
two (right and left) by a septum; the bulb divides into two, and 
one division leads from tlie right ventricle to the pulmonary 
artery; the other leads as the main aorta from the left. The 
auricles are also divided into two (right and loft), but the com¬ 
plete separation of the two auricles does not take place till after 
birth. Before birth, as <le ghall see when describing the later 
hetal circulation, some of the blood which enters the right auricle 
passes into the left auricle by a wide opening called the foramen 
ovale. 

The pulmonary artery leads direct into the aorta; the branches 
to the lungs are small and unimportant : it is not till the child is 
born, and begins to use its lungs, that the arteries to them assume 
importance ; then also tlie communication with the aorta is dosed, 
and remains as a cord, called the ductus arteriosus. 

These changes will be grasped better if we look at the two next 
diagrams (tigs. 634, 635). 

The heart is in a rather more advanced stage than in tig. 631 ; 
it is beginning to get a twist which is bringing the ventricle, now 
increasing in size, into its subsequent position ; but it is seen that 
instead of two simple arches uniting to form a dorsal aorta, there 
are now five. These correspond to the gill arteries of fishes, but 
in mammals never break up into capillaries, as in a fish’s gills. 
They, however, mm in the visceral arches, between the visceral 
clefts. In amphibia, three pairs persist through life. 

In reptiles the fourth pair remains throughout life as the per¬ 
manent right and left aorta ; in birds the right one remains as the 
permanent aorta, curving over the right bronchus instead of the 
left as in .mammals. 

In mammals th&Jeft fourth aortic areh.develops into the per¬ 
manent aorta, the right one remamiiig as the subclavian artery 
<)TtIiat ~iido ., Thus tlie siihcia'vlan artery on the right side cor¬ 
responds to the aortic arch on the left, and this homology is 
further confirmed by the fact that the recurrent laryngeal nerve 
hooks under the subclavian on the right side, and the aortic arch 
on the left. 

The fifth arch disanpea ra-oB-^hc right side, but on the left forms 
the CpuTfnonary ar tery. The distal end of this arclf o'iriglhaTly 
opens into the descending aorta, and this communication (which is 
permanent throughout life in many reptiles on both sides of the 



8oo 


DEVELOPMENT. 


[OH. LVII. 


body) remains throughout foetal life under the name of the dactu a 
.arteriosus : the branches of the pulmonary artery, to the right 


and left lung, are very small, 
and most of the blood which 
is forced into the pulmonary 
artery passes through the wide 
ductus arteriosus into the 
descending aorta. The first 
and second arches soon dis¬ 
appear, but the third arches 
and portions of the aortic 
roots .remain as the carotid 
arteries (see fig. 635). 

As the umbilical vesicle 
dwindles in size, the portion 
of the omphalo-mesenteric 
arteries outside the body gra¬ 
dually disappears, the part 
inside the body remaining as 
the mesenteric arterie s. 

Meanwhile with the growth 



Fig. 63f»—Embryonic heart and vessels. 
O, veins; Aw, auricle; V, ventricle; 
B, bulb; 1, 2, 3, 4, s, primitive aortic 
arches. 



Fig. 635.—Diagram of the aortic arches in a 
mammal, showing transformations which 
give rise to the permanent arterial vessels. 
A, primitive arterial stem or aortic bulb, 
now divided into A, the ascending part 
of the aortic arch, and p, the pulmonary: 
a a', right and left aortic roots; A', de¬ 
scending aorta; 1,2, 3, 4, 5, the five 
primitive aortic or branchial arches: 
7 , 11 , III, IV, the four branchial clefts 
which, for the sake of clearness, have 
been omitted on the right side. The per¬ 
manent systemic vessels are deeply, the 
pulmonary arteries lightly, shaded ; the 
parte of the primitive arches which are 
transitory are simply outlined; e, placed 
between the permanent common carotid 
arteries ; c e, external carotid arteries : 
r. i, internal carotid arteries; .1, right 
subclavian, rising from the right aortic 
root beyond the fifth arch ; *>, right verte¬ 
bral from the same, opposite the fourth 
arch; o' s', left vertebral and subclavian 
arteries rising together from the left, or 
permanent aortic root, opposite the fourth 
arch; p, pulmonary arteries rising toge¬ 
ther from the left fifth arch ; d, outer 01- 
hack part of left fifth arch, forming 
ductus arteriosus; p n, p right and 
left pueumogastric nerves descending in 
front of aortic arch, with their recurrent 
branches represented diagrammatioally 
as passing behind, to illustrate the rela¬ 
tions of these nerves respectively to tin- 
right subclavian artery {4) and the arch 
of .the aorta and ductus arteriosus (d). 
(Allen Thomson, after Batbke.) 


of the allantois two new a rteries ( umbilica l) appear, and rapidly 
increase in size till they are the largest branches of the aorta; 
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they lire lor a long time^considerably larger than the external 
Qiaos which supply the comparatively small hind-limbs. 

," * Veins .—The earliest veins to appear in the fcetus are the omphalo- 
me senter i c or yitelline ^which return the blood from the yolk-sac to 
t’Ee 'developing auricle. As soon as the placenta with its umbilical 
veins is developed/these unite with the omphalo-mesenteric, and 
thus the blood which reaches the auricle comes partly from the; 
yolk-sac and partly from the placenta. The right omphalo¬ 
mesenteric and the right umbilical veins soon disappear, and the 
united left omphalo-mesenteric and umbilical veins pass through 
the developing liver on* th# way to the auricle. Two sets of 



Kg. 636.—Diagrams illustrating' the. development of veins about the liver. S, d, e, duets 
of Cuvier, right and left: c a, right and left cardinal veins ; 0, left omphalo-mesenterie 
vein; o', right omphalo-mesenteric vein, shrivelled up; u u', umbilical veins, of 
which the right one, has disappeared. Between the venae cardinale is seen the 
outline of the rudimentary liver with its venue hepaticee advehentes, and revehentes. 
D, later stage ; l, ductus venosus; l', hepatic veins; c i, vena cava inferior; P, portal 
vein ; P' venue advehentes ; m, mesenteric veins. (Kiilliker.) • 


vessels make their appearance in connection with the liver ( venae 
advehentes, and revehentes ), both opening into the united omphalo¬ 
mesenteric and umbilical veins, in such a way that a poYtion of 
the venous blood traversing the latter is diverted into the developing 
liver, and, having passed through its capillaries, returns to the um¬ 
bilical vein through the venae revehentes at a point nearer the 
heart (see fig. 636). The portion of vein between the afferent 
and efferent veins of the liver is called the ductus^venosu s. The 
ve nae adveh entes become the right and left branches’of "the porta l 
vein, the ve nae revehe ntes beco me the hepatic vei ns, which open 
just at the junction of tSe~ 3 uctus venosus with another large vein 
(veiia cava inferior), which is now being developed.- The mesenter ic 
'portiqn_of the omphalo-mesenteric vein ret urning bloo d-irQmJhe 
devfflypin g intestin es remains as the mesenteric vein, which by its 
with the - alenio^veinr forms the~pdrta l. 
bus the foetal liver is supplied with venous blood from two 
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sources, through the umbilical and portal vein respectively. ' At 
.birth the circulation through the umbilical vein of course com¬ 
pletely ceases and the vessel begins at once to dwindle, so that, 
now the only venous supply of the liver is through the portal vein. 

Another system of veins which makes their appearance early 
consist of two short transverse veins (ducts of Cuvier) which open 
into the right auricle on either side ; each Is formed by the uni on 
of an a nterior cardinal, aftf ww^rds forming a J ugular, vein, collect¬ 
ing blood from tire~TIead and neck, and a posterior ca rdinal vein 
which returns tlie blood from the. Wolffian'.bodies, the vert ebral 
column, and the parieties of the trunk. 'Phis arrangement persists 
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I'ig. 637.—Diagrams illustrating the development of the great veins, d c, ducts of Cuvier; 
j, jugular veins; h, hepatic veins: c, cardinal veins; », subclavian vein; j i,.internal 
jugular vein ; j e, external jugular vein; a.z, azygos vein) c i, inferior vena oava ; 
, r, renal veins; i l, iliac veins; hij, hypogastric veins. (Gegenbaur.) 

throughout life in fishes, but in mammals the following trans¬ 
formations oecur. 

As the kidneys are developing a new vein appears (vena cava 
inferior), for med by the junction of their efferent veins. It receives 
branches from ~tne legs (iliac ) and in creases rapidly in size as 
they growT~further up it rece ives the hepatic veins, which by 
now have lost their original openinginto the "Huctus venosus. 
The heart gradually descends into tire thorax, causing the ducts 
of Cuvier to become oblique instead of transverse. As the fore¬ 
limbs develop, the subclavian veins are formed. 
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A transverse communicating trunk now unites the two primi¬ 
tive jugular veins, and gradually increases, while the left duct of 
Cuvier becomes' almost entirely obliterated (all its blood passing 
by the communicating trunk to the right side) (fig. 637, c. o.). 
The r ight primitive jugular vein remains as the right innpffhpa to 
vein, while the c ommunicatin g’branch fm.-ms the left innominate. 
The right dn^^uQ juvier becom es t he superior vena ca va. The 
remnant of the left duct of Cuvier generally remains as a fibrous 



band, running obliquely down to the coronary vein, which is 
really the proximal part of the left duct of Cuvier. In front of 
the root of the left lung, another relic may be found in the form 
of the so-called vest igial fold of M arshall, which is a fold of peri¬ 
cardium running iti^tne'same direction. 

In some of the lower mammals, such as the rat, the left ductus 
Cuvieri rea lm s as a left superior cava. 

a transverse branch carries across most of the blood 
of the left posterior cardinal vein into the right; and by. this 
union the great azygos vein is formed. 
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The upger portions of the-laft ,posterior cardinal vein_ remam as 
«the left superior intercostal and vena mygps minor. 

The azygos veins receive the intercostal veins as shown in the 
diagrams. 

These views of the origins of the veins are chiefly derived from the 
observations of Rathke and Gegenbaur, They have been generally accepted 
by embryologists. Hochstetter, however, has more recently stated that some 
modification of these views is necessary. According to him, the right 
common iliac vein and the portion of the inferior vena cava below the renal 
vein are parts of the right cardinal vein, and the greater part of the left 
common iliac is the transverse iliac vein, a vein which grows across at a 
lower level than the transverse azygos. Accnroing to these views, the lower 
part of diagram 637D would have to be altered as in fig. 638. 

Circu lat ion of Blood jn the Fffixus. . 

The circulation of blood in tho fictus differs considerably from 
that of the adult. It will be well, perhaps, to begin its descrip¬ 
tion by tracing the course of the blood, which, after being carried 
out to the placenta by the two umbilical arteries, has returned, 
cleansed and replenished, to the foetus by the umbilical vein. 

It is at first conveyed to the under surface of the liver, and 
there the stream is divided,-^-a part of the blood passing straight 
on to the inferior vena cava, through a venous canal called the 
ductus venoms , whilo-the remainder passes into the portal vein, 
and reaches the inferior vena cava only after circulating through 
the liver. Whether, however, by the direct route through the 
ductus venosus or by the roundabout way through the liver,—all 
the blood which is returned from the placenta by the umbilical 
vein reaches the inferior vena cava at last, and is carried by it 
to the t right auricle of the heart, into which cavity is also pouring 
the blood that has circulated in the head and neck and arms, and 
has been brought to the auricle by the superior vena cava. It 
might be naturally expected that the two streams of blood would 
be mingled in the right auricle, but such is not the case, or only 
to a slight extent. The blood from the superior vena cava,—the 
less pure fluid of the two-£passes almost exclusively into the right 
ventricle, through the aurieulo-ventricular opening, just as it does 
in the adult ffwhile,the blood of the inferior vena cava is directed 
by the fold of the living membrane of the heart, called the Eusta¬ 
chian valve, through the foramen ovale into the left auricle, whence 
it passes into the left ventricle, and < 9 ut of this into -the aorta, and 
thence to all the body, but chiefly to the head and neck. The 
blood of the superior vena cava, which, as before said, passes into 
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the right ventricle, is sent out thence in small amount through 
the pulmonary artery to t&e lungs, and thence to the left auricle,, 
as in the adult. The greater part, however, does not go to the 



Fig. 639.—Diagram of the Foetal Circulation. 


lungs, but instead, passes through a caual, the ductus arteriosus, 
leading from the pulmonary artery into the aorta just below the 
origin of the three great \%ssels which supply the upper parts of 
the body ; and there meeting that part of the blood of the inferior 
vena cava which has not gone into these large vessels, it is dis- 
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tribnted with it to the trunk and other parts,—a portion passing 
out by way of the two umbilical arteries to the placenta. From 
the placenta it is returned by the umbilical vein to the under 
surface of the liver, from which the description started. 

Changes after Birth.- —Immediately after birth the foramen 
ovale begins to close, and so do the ductus arteriosus and ductus 
venosus, as well as the umbilical vessels; the closure is com¬ 
pleted in a few days, so that the two streams of blood which 
arrive at the right auricle by the superior and inferior vena cava 
respectively, thenceforth mingle in this cavity of the heart, and 
passing into the right ventricle, go by‘way of the pulmonary 
artery to the lungs, and through these, after purification, to the 
left auricle and ventricle, to be distributed by the aorta to the 
body generally, 


Development of the Nervous System, 

The central nervous system originates from the thickened 
walls of the medullary groove, which by the [meeting of the 
dorsal ridges is converted into the medullary canal. These walls 
are composed entirely of epiblast. The anterior part of this mass 
of epiblast becomes the brain, the rest of it the spinal cord ; the 
canal itself is seen in the adult as the ventricles of the brain and 
central canal of the spinal cord. The nerves are formed of 
epibl ast too u they are .outgrowths from mas^~of.cells"called 
neuroblasts, the primitive nerve-cells. In the case, however, of 
the olfactory 1 and optic nerves we have not to deal with solid 
outgrowths, but with hollow protrusions from tf»e brain, which 
become solid at a later stage. 

The Spinal Cord.—The cavity formed by the closure of the 
neural 6anal soon becomes a cleft running from before backwards. 
It is bounded at first by columnar epithelium; these cells afterwards 
become ciliated; on their exterior is a homogeneous basement 
membrane. The wall soon becomes thicker, and the basement 
membrane is thus separated further and further from the central 
canal. This increase in thickness is due in part "to the increase 
in length of the columnar cells : in part to the appearance of new 
cells. The inner part of the columnar lining retains its palisade¬ 
like character, and forms ultimately the lining epithelium of the 
central canal. The cells are called sftonginhlnM ii. The external 
en ds o f the cells break up into a reticulum cal led the vnvela- 
sjgg&tfam, a »d this is limited by the basement membrane at the 
circumference. The myelospongium forms the neuroglia. 
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Between the inner ends of the spongioblasts (fig. 640, S) 
numerous rounded cells ’called germinal cells (G) next appear. 
These rapidly divide, and so form neuroblasts (N). The neuro¬ 
blasts are pear-shaped; each has a large oval nucleus, and its 
tapering stalk is directed towards the outer surface of the cord ; 



Figr. 640.—Inner ends of spongioblasts (S), with germinal cells (G) between them. N N, 
neuroblasts whieh have resulted from the division of a germinal cell; M, myelo- 
spongium formed by the branching outer ends of the spongioblasts. (After His.) 

the process ultimately pierces the basement membrane (fig. 641). 
These are the primitive nerve cells ; their processes are the axis 
cylinder processes which grow out as nerve fibres. • The nerve 



Fig. 041.—Three neuroblasts, each with a nerve fibre process, growing out beyond the 
basement membrane of the embryonic spinal cord. (AfterHis.) 

fibres are first without sheaths; the formation of the sheaths 
comes later (see p. 105). 

The neuroblasts collect into groups, one of which, especially 
large, is at the situation of the future anterior horn, and their 
processes pass out of the cord as the beginnings of the anterior 
roots (fig. 642). The somewhat oblique coursing of these fibres 
before they leave the cord forms the beginning of the anterior 
white column. The posterior white columns simultaneously 
begin to appear on each side of the narrow dorsal part of the 
canal. They are formed by the posterior roots entering the 
cold. 

^As the cornua of grey matter grow out from the central mass, 
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the fissures of the cord begin to appear.- The anterior or ventral 
fissure is simply a cleft between the enl&rging lateral valves of the 
cord. The posterior fissure is formed by the closure of the dorsal 
portion of the neural canal which meets an ingrowth of connective 
tissue from the exterior. The characteristic cylindrical form of the 
cord is attained by the development of the lateral columns, which 
are formed by the processes from neuroblasts in the brain growing 
down the sides of the cord, and these become medullated at a 



Fig-. 642.—Section of spinal cold of a four -weeks human embryo. The posterior loots aie 
continued -within the cord into a email longitudinal bundle, which is the rudiment of 
the posterior white column. The anterior roots are formed by the convergence of the 
processes of the neuroblasts. The latter, along with the elongated cells of the myelo- 
spongium, compose the grey matter. (His.) 

• 

later period. The membranes and blood-vessels are formed from 
mesoblast. 

Up to the fourth month the cord and vertebral canal increase 
in length pari passu, but after that, the vertebral canal grows 
faster, so that at birth the coccygeal end of the cord is opposite 
the third lumbar, and in the adult opposite the first lumbar 
vertebra. This gives an obliquity to the lower nerve roots, 
which together with the Jilum terminate form the cauda equina. 

The Nerves. —These grow from tfie spinal cord; the origin 
of the anterior roots we have already considered. The po steri or 
roots are formed in the following way. 
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Along the dorsal aspect of the primitive cord, a crest of 
epiblast appears and is called the neural cre st. Special enlarge¬ 
ments of this appear opposite the middle of each pair of proto- 
vertebrse; these grow downwards on each side, and their 
attachment to the cord is then entirely lost. These little islands 
of epiblast contain numerous neuroblasts; each forms a spinal 
ganglion, and the neuroblasts within it become the cells of that 



Fig. 643 .—a, Bipolar cell from spinal ganglion of a H weeks embryo (after IHis). n 
nucleus ; the arrows indicate the direction in which the nerve processes grow, one to 
the spinal cord, the other to the periphery, b, a cell from a spinal ganglion of the 
adult; the two processes have coalesced to form a T-shaped junction. 

• 

ganglion. Two processes grow from each cell; one directed 
towards the spinal cord, where it contributes to the formation of 
the posterior white column, and ultimately arborises around the 
cells of the grey matter at a higher level. The other grows to. the 
periphery. The two processes become blended in the first part 
of their course and so the T-shaped junction is formed (fig. 643) 
The Brain.—The histological details of the formation of the 
epithelium of the ventricles from spongioblasts, of neuroglia from 
the myelospongium, of nerve cells from neuroblasts, and of the 
nerve fibres of the white matter and of the nerves as the out¬ 
growths from the neuroblasts, are all essentially the same, as 
already described in connection w ith the spinal cord. But the 
grosser anatomical details differ. 

The front portion of the medullary canal is almost from the 
first widened out and divided into three vesicles. From the 
anterior vesicle the two primary optic vesicles are budded off 
laterally : their further history will be traced in the next section. 
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Somewhat later the same vesicle divide/* into two, and thus the 
prosencepfialon and thalamencephalon are formed. 

In the walls of the posterior (third) cerebral vesicle, a thicken¬ 
ing appears (rudimentary cerebellum) which becomes separated 
from the rest of the vesicle by a deep inflection. 

At this time there are two chief curvatures of the brain (fig 
644). (1.) A sharp bend of the whole cerebral mass downwards 

round the end of the notochord, by which the anterior vesicle, 



Fig. 644.—Early stages in development of human brain (magnified). 1, 2, 3, are from an 
embryo about seven weeks old; 4, about three months old. m, middle cerebral vesicle 
(mesencephalon); e, cerebellum; m o, medulla oblongata; i, thalamencephalon ; A, 
hemispheres; i\ infundibulum; fig. 3 shows the several curves which occur in the 
. course of development; fig. 4 is a lateral view, showing the great enlargement of the 
cerebral h i-iispheres which have covered in the thalami, leaving the optic lobes, m, 
uncovered. (KolUker.) 

N.B.—In fig. 2 the line i terminates in the right hemisphere; it ought to be continued 
nto tiie thalamencephalon. 


which was the highest of the three, is bent downwards, and the 
middle one comes to occupy the highest position. (2.) A sharp 
bend, with the convexity forwards, which runs in from behind 
beneath the rudimentary cerebellum separating it from the 
medulla. 

Thus, five fundamental parts of the festal brain may be distin¬ 
guished, which, together with the parts developed from them, may 
. be presented in the following tabular view:— 



CH. XiVII.] 


DEVELOPMENT OF THE BRAIN. 


811 


Table op Parts developed from Fundamental Pabtb of 

Bbain. 


I. Anterior 
Primary 
Vesicle. 


First Secondary Vesicle, 
Prosencephalon, or 
Fore-brain. 


/ 

( 


Anterior end of third ventricle, 
foramen of Monro, lateral ven¬ 
tricles, cerebral hemispheres, 
corpora striata, corpus cal losu m, 
fornix, /lateral ventricles} olfac¬ 
tory bulb. 


Second Secondary Vesi- f Thalami optici, pineal gland, part 
cle or Thalamen-J of pituitary body, third ven- 
cephalon, or 'Twixt-j tricle, optic nerve and retina, 
brain. • 1. infundibulum. 


II. Middle 
Primary 
Vesicle. 


Third Secondary Vesicle, 
Mesencephalon, or 
jVIid-brain. 


Corpora quadrigemina, crura 
cerebri, aqueduct of Sylvius. 


III. Posterior 
Primary ■ 
Vesicle. 


Fourth Secondary Vesi¬ 
cle, Epencephalon, or 
Hind-brain. 

Fifth Secondary Vesicle, 
Metencephalon, or 
After-brain. 


Fourth 

tricle. 


ven- 


Cerebellum 

Pons. 


and 


Medulla 

gata. 


oblon- 


The cerebral hemispheres grow rapidly upwards and backwards, 
while from their inferior surface the olfactory bulbs are budded 
off. The middle cerebral vesicle (mesencephalon) for some time 
is the most prominent part of the foetal brain, and in fishes. 



Fig. 645.—Side view of foetal brain at six months, showing commencement of formation 
of the principal fissures and convolutions, .F, frontal lobe; P, parietal; O, occipital; 
3”, temporal; a a a, commencing frontal convolutions; a, Sylvian fissure; s', its 
anterior division; e, within it the central lobe or island of Beil; r, fissure of Rolando 
p, perpendicular fissure. {R. Wagner.) 


amphibia, and reptiles, it remains uncovered through life as the 
optic lobes. But in birds the growth of the cerebral hemispheres 
thrusts the optic lobes down laterally, and in mammalia com¬ 
pletely overlaps them. 

In the lower mammalia the backward growth of the hemi¬ 
spheres ceases, but in the higher groups, such as the monkeys 
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and man, they grow still further back! until they completely 
c6ver in the cerebellum, so that on looking, down on the brain 
from above, the cerebellum is quite concealed from view. The 
surface of the hemispheres is at first quite smooth, but as early as 
the third month the great Sylvian fissure begins to be formed 
(%; 645). 

• The next to appear is the parieto-oecipital fissure; these two 
great fissures, unlike the rest of the sulci, are formed by a curving 
round of the whole cerebral mass. 

In the sixth month the fissure of Rolando appears: from this 
time till the end of foetal life the brain grows rapidly in size, and 
the convolutions appear in quick succession ; first the great pri¬ 
mary ones are sketched out, then the secondary ones. The 



Fig. 646.—Longitudinal section of the primary optic vesicle in the chick, magnified (from 
Bemak).—A, from an embryo of sixty-five hours ; B, a few hows later ; C, of the 
fourth day ; c, the corneous layer or epidermis, presenting in A the open depression 
tor the lens, which is closed in B and O ; /, the lens follicle and lens ; pr, the primary 
optic vesicle; in A and B, the pedicle is shown ; in C, the section being to the side of 
the pedicle, the latter is not shown ; v, the secondary ocular vesicle and Lvitreous 
humour. 


commissures of the brain (anterior, middle, and posterior), and tlie 
corpus callosum, are developed by the growth of fibres across the 
middle line. 

The Hippocampus major is formed by the folding in of the grey 
mdtter from the exterior into the lateral ventricles. 

The Eye. —Soon after the first three cerebral vesicles have 
become distinct from each other, the anterior one sends out a 
lateral vesicle from each side (primary optic vesicle), which grows 
out towards the free surface, its cavity communicating with that 
of the cerebral vesicle through the canal in its pedicle. It 
remains connected to the thalamencephalon. It is soon met and 
invaginated by an in-growing process from the epiblast of the 
surface (fig. 646). This process of the epiblast is at first a depres¬ 
sion, which ultimately becomes closed in at the edges so as to 
produce a hollow ball, which is thus completely severed from the 
epidermis with which it was originally continuous. From this 
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hollow ball the crystalling lens is developed. The way in which 
this occurs has been described in a previous chapter under the 
head of structure of the lens (see p. 334). By the in-growth of 
the lens the anterior wall of the primary optic vesicle is forced 
back nearly into contact with the posterior, and thus the primary 
optic vesicle is almost obliterated. The cells in the anterior wall 
are much longer than those of the posterior wall; from the 



is a little to the side, so as to avoid passing 
through the ocular (deft; c, the cuticle 
where it becomes later the corneal epithe¬ 
lium ; l, the lens ; op, optic nerve formed 
by the pedicle of the primary optie vesicle; 
vn, primary medullary cavity or optic vesi¬ 
cle; the pigment layer of the retina; 
r, the inner wall forming the retina proper ; 
vs, secondary optic vesicle containing the 
rudiment of the vitreous humour, x too. 
(Kdlliker.) 



Fig. 648.- Transverse vertical section 
of the eyeball of a human embryo 
of four weeks. The anterior half 
of the section is represented: pr, 
the remains of the cavity of th§ 
primary optie reside; p, the inner 
part of the outer layer forming the 
retinal pigment; r, the thickened 
inner part giving rise to the colum¬ 
nar and other structures of the 
retina; v, the commencing vitreous 
humour within the secondary optic 
vesicle ; »/, the ocular cleft through 
which the loop of the central blood¬ 
vessel, a, jirojeets from below; l, 
the lens with a central cavity. 
X 100. (Kdlliker.) 


former all the layers of the retina are developed, except t*he layer 
of pigmentjsells which is formedjrom the latter. 

The cup-shaped hollow in which the lens is now lodged is 
termed the secondary optic vesicle : its walls grow up all round, 
leaving, however, a slit where it meets the lens. 

Through this slit, termed the chor pida l fissur e. a process 
of mesoblast containing numerous blood-vessels projects, and 
occupies the cavity of the secondary optic vesicle behind the lens, 
filling it with v itreous humou r and furnishing the lens capsule 
and the capsulorpupillary paenihrane. This process in mammals 
projects, not only into th§ secondary optic vesicle, but also into 
the pedicle of the primary optic vesicle invaginating it for some 
distance from beneath, and thus carrying up the axiex ut centralit 
retinae into its permanent position in the centre of the optic nerve, 
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This invagination of the optic nerve,"does not occur in birds, 
aftd consequently no arteria centralis retinae exists in them. But 
they possess att important permanent relic of the original protru¬ 
sion of the mesoblast through the choroidal fissure, in the pectm, 
while a remnant of the same fissure sometimes occurs in man 
under the name coloboma iridis. The cavity of the primary optic 
vesicle becomes completely obliterated, and the rods and cones 
get into apposition with the pigment layer of the retina. The 
inner segments of the rods are the first formed, then the outer. 



Fig. 649.—Blood-vessels of the capsulo-pupillary membrane of a new-born kitten, 
magnified. The drawing is tiken from a preparation injected by Tiersch, and shows 
in the central part the convergence of the net-work of vessels in the pupillary 
membrane. (Kuiliker.) 

The cavity of its pedicle disappears and the solid optic nerve i s 
form gd. Meanwhile the cavity which existed in the centre of the 
primitive lens becomes filled up by the growth of fibres from its 
posterior wall. The e pithelium of- tho-eornea is developed from 
the epiblast, while the corn pal -tissue proper is derived from the 
mesoblast which intervenes between the epiblast and the primi¬ 
tive lens which was originally continuous with it. The sclerotic 
coat is developed round the eye-ball from the general mesoblast in 
which it is embedded. The choro id is developed from the meso¬ 
blast on the outside of the optic cup, and t he iris by the growi ng 
forwards of the. anterior edge of the optic... cup. The ciliary 
processes arise from the hypertrophy of the edge of the optic 
cup which forms folds into which the ^choroidal mesoblast grows 
and in which blood-vessels and pigment-cells develop. 

The iris is formed rather late, as a circular septum projecting 
inwards, from the fore part of the choroid, between the lens and 
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the cornea. In the eye»of the foetus of mammalia, the pupil is 
closed by a delicate membrane, the membrana pupillaris, wliieli 
forms the front portion of a highly vascular membrane that, in the 
foetus, surrounds the lens, and is named the membrana capsulo- 
pupillaris (fig. 635), It is supplied with blood by a branch of the 
arteria centralis retinae, which, passing forwards to the back of 
the lens, there subdivides. It is obliterated in the adult, and is 
then called the canal of Stilling. The membrana capsules- pupillaris 
withers and disappears in the human subject a short time before 
birth. # 

The eyelids of the human subject and mammiferous animals, 
like those of birds, are first developed in the form of a ring. 
They then extend over the globe of the eye until they meet and 
become firmly agglutinated to each other. But before birth, or 
in the carnivora after birth, they separate. 

The Ear.—Very early in the development of the embryo a 
depression or ingrowth of the epiblast occurs on each side of the 
head which deepens and soon becomes a closed follicle. This 
primary otic vesicle, which closely corresponds in its formation to 
the lens follicle in the eye, sinks down to some distance from the 
free surface; from it are developed the epithelial lining of the 
membranous labyrinth of the internal car, consisting of the vesti¬ 
bule and its semicircular canals and the scala media of the cochlea. 
The surrounding mesoblast gives rise to the various fibrous bony 
and cartilaginous parts which complete and enclose this mem¬ 
branous labyrinth, the bony semicircular canals, the wails of the 
cochlea with its scala vestibuli and scala tympani. *The auditory 
. nerve is gradually differentiated and grows towards the internal ear. 

The Eustachian tube, the cavity of the tympanum, and the 
external auditory passage, are the remains of the first post-oral 
cleft. The membrana tympani divides the cavity of tins cleft 
into an internal space, the tympanum, and the external meatus. 
The mucous membrane of the mouth, which is prolonged in the 
form of a diverticulum through the Eustachian tube into the 
tympanum, and the external cutaneous system come into relation 
with each other at this point; the two membranes being separated 
only by the proper membrane of the tympanum. 

The pinna or external ear is developed from a process of 
integument in the neighbourhood of the first and second visceral 
arches, and probably corresponds to the gill-cover (operculum) in 
fishes. « 

The Nose. —The nose originates like the eye and ear in a de¬ 
pression of the superficial epiblast at each side of the fronto-nasal 
process (primary olfactory pit), which is at first completely 
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separated from the eavity of the mouth, and gradually extends 
backwards and downwards till it opens into the mouth. 

The outer angles of the fronto-nasal process, uniting with the 
maxillary process on each side, convert what was at first a groove 
into a closed canal. The olfactory nerve which meets this is, like 
the optic nerve, primarily a hollow process of the brain. 


Development of the Alimentary Canal. 

The alimentary canal in the earliest stages of its development 
consists of throe distinct parts—the‘fore and hind gut ending 
blindly at each end of the body, and a middle segment which 
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Fig. 650.— Outlines of the form and position of the alimentary canal in successive stages 
. of its development. A, alimentaiy canal, &c., in an embiyo of four weeks; B, at six 
weeks; C, at eight weeks; D, at ten weeks; l, the primitive lungs connected with the 
pharynx; s, the stomach ; d, duodenum; i, the small intestine ; i\ the large; c, the 
cfecum and vermiform appendage; r, the rectum; cl, in A, the cloaca; a, in M, the 
anus distinct from si, the sinus uro-genitalis; v, the yolk-sac ; vi, the vitello-intfstinal 
duct; u, the urinary bladder and urachus leading to the allantois; g, genital ducts. 
(Allen Thomson.) 


communicates freely on its ventral surface with the cavity of the 
yolk-sac through the vitelline or omphalo-mesenteric duct. 

From the fore-gut are formed the pharynx, oesophagus, and 
stomach; from the hind-gut, the lower end of the colon and the 
rectum. The mouth is developed by in involution of the epiblast 
between the maxillary and mandibular processes, which becomes 
deeper and deeper till it reaches the blind end of the fore-gut, and 
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at length communicates freely with the pharynx by the absorption 
of the partition between the two. 

At the other end of the alimentary canal the anus is formed 
in a precisely similar waj’ by an involution from the free surface, 
which at length opens into the hind-gut. When the depression 
from the free surface does not reach the intestine,- the condition 
known as imperforate anus results. A similar condition may exist 
at the other end of the alimentary canal from the failure of the 
involution w r hich forms the mouth, to meet the fore-gut. The 
middle portion of the digestive canal becomes more aud more 
closed in, till its originally wide communication with the yolk-sac 
becomes narrowed down to a small duct (vitelline). This duct 



Fig. 651.—Lobules of the parotid, with the salivary duets, in the embryo of the sheep, 

at a more advanced stage. 


usually completely disappears in the adult, but occasionally the 
proximal portion remains as a diverticulum from the intestine. 
Sometimes a fibrous cord attaching some part of the intestine to 
the umbilicus, remains to represent the vitelline duct. Such a 
cord has been known to cause in after-life, strangulation of the 
bowel and death. 

The alimentary canal lies in the form of a straight tube close 
beneath the vertebral colufhn, but it gradually becomes divided 
into its special parts, stomach, small intestine, and large intestine 
(fig. 6$o), and at the same time comes to be suspended in the 
k.p. 3 a 
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abdominal cavity by means of a lengthening mesentery formed 
„from the splanchnopleur which attaches it to the vertebral 
column. The stomach originally has the same direction as the 
rest of the canal; its cardiac extremity being superior, its pylorus 
inferior. The changes of position which the alimentary canal 
undergoes mhy be readily gathered from the accompanying 
figures (fig. 650). 

Pancreas and Salivary GUands. —The principal glands in con¬ 
nection with the intestinal canal are the salivary glands, pancreas, 
and the liver. In mammalia, each salivary gland first appears as 
a simple canal with bud-like processes? (fig. 651), lying in a 
mass of mesoblast, and communicating with the cavity of the 
mouth. As the development of the gland advances, the canal 
becomes more and more ramified. The pancrpas is -developed 
exactly in the same way, but its cells are derived from the 



Fig. 652.—Diagram of part of digestive tract of a chick (4th day). The hlack line 
represents hypoblast, the outer shading mesoblast. I <j, lung diverticulum with 
expanded end. forming primary lung-vesicle; S t, stomach ; f, two hepatic diverticula, 
with their terminations united by solid rows of hypoblast cells ; p, diverticulum of the 
pancreas with the vesicular diverticula coming from it. (Gotte.) 


hypoblast lining the intestine, while those of the salivary glands 
are formed from the epiblast lining the mouth. In both cases 
the blood-vessels and connective tissues are formed from the 
mesoblast into which the glandular structure grows. 

The Liver.—The liver is developed by the protrusion of a 
part of the walls of the fore-gut, in the form of two conical hollow 
branches (figs. 652, 653). The inner portion of the cones consists 
of a number of solid cylindrical masses of cells, derived from 
the hypoblast, which become gradually hollowed by the formation 
of the hepatic ducts, and among which blood-vessels are rapidly 
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developed. The secreting cells of the organ and the lining 
epithelium of the ducts are derived from the hypoblast, the con-* 
neetive-tissue and vessels from the mesoblast. The gall-bladder 
is developed as a diverticulum from the hepatic duct. 

The spleen and lymphatic glands are developed from the meso¬ 
blast : the thyroid originates also from the hypoblast; it grows as 
diverticula from the fore-gut, opposite the second and also opposite 



Fig. 653.—Rudiment* of the liver on the intestine of aftiick at the fifth day of incubation. 
1, heart; 2, intestine; 3, diverticulum of the intestine in which the liver (4) is deve¬ 
loped ; 5, part of the mucous layer of the germinal membrane. {Milller.) 


the fourth visceral arches. The hypoblastic cells form the lining 
epithelium of the vesicles; the stroma of the gland is formed by 
the surrounding mesoblast. The thymus is formed in a similar 
way opposite the third and fourth visceral arches. These hypo¬ 
blastic cells form the nests called the corpuscles of 3 d assail; the 
lymphoid tissue by which they are invaded and ultimately sur¬ 
rounded is mesoblastie. 


Development of the Bespiratory Apparatus. 

The Dungs, at their first development, appear as small tuber¬ 
cles or diverticula from the abdominal surface of the oesophagus. 

The two diverticula at first open directly into the oesophagus, 
but as they grow, a separate tube (the future trachea) is formed 
at their point of fusion, opening into the oesophagus on its anterior 
surface. These primary diverticula of the hypoblast of the ali¬ 
mentary canal send off secondary branches into the surrounding 
mesoblast, and these again give off tertiary branches, forming the 
air-cells. Thus we have the lungs formed : the epithelium lining 
the air-cells, bronchi, and trachea being derived from the hypo¬ 
blast, and all the rest of the lung-tissue, nerves, lymphatics, and 

3 0 2 
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blood-vessels, cartilaginous rings, ancj' muscular fibres of the 
bronchi from the mesoblast. 

The diaphragm is early developed as a partition of mesoblast 



Fig. 654 illustrates the development of the respiratory organs. A, is the oesophagus of a 
chick on the fourth day or incubation, with the rudiments of the trachea on the lung 
of the left side, viewed laterally; r, the inferior wall of the oesophagus* 2, the upper 
portion of the same tube ; 3, the rudimentary lung ; 3, the stomach ; 11, is the same 
object seen from below, so tliat both lungs are visible. c, shows the tongue and 
respiratory organs of the embryo of a horse; 1, the tongue; 2, tliejlaryux ; 3, the 
trachea; 4, the lungs, viewed from the upper side. (After ltathke.) 


dividing the original pleuroperitoneal cavity into thoracic and 
abdominal serous cavities? 


Development of the G-enito-urinary Apparatus. 

In the early stage of the development of the urino-genital 
organs, the most striking thing seen is their resemblance to the 


A 



Fig. t>S 5 -—Diagram of transverse section of embiyo dogfish. On the right of the middle 
line, A B, the primitive segmental tube (A') is seen in transverse section ; on the left 
side a later stage is represented; it here forms n well marked projection into the 
pleuro-peiitone&l cavity, and the section is represented as passing through the 
trumpet-shaped opening of the tube into that cavity (A"). 

segmental organs, or nephridia of worms. The subject was first 
worked out by Balfour in the elasmobranch fishes; we may there¬ 
fore first describe what he found here, and then pass on to what 
occurs in mammals. 
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In the preceding diagram (fig. 65 5) we have a transverse section 
through the embryo in which the structures represented will bo 
familiar from our previous studies. About the fift h segment a 
thickening in the mesoblast occurs, which grows backwards as a 
solid column of cells, this TJecomes hollow, 
and is seen in transverse section at A'; later 
on the hollow extends at one part into the 
pleuro-peritoneal cavity by a trumpet-shaped 
opening, and this is seen cut through at A". 

This duct may be termed the archinejohros. 

The prominence created by thisTfuct grows 
into the pleuro-peritoneal cavity; and a 
number of convoluted tubes, one in each 
segment, open into the duct, which soon 
splits into two longitudinally; one division, 
the won e p hros or Mullerian duct (fig. 656, M), 
has the original opening into the body 
cavity; the other convoluted tubes open 
into the other division of the tube ; they 
become united together by connective tissue, 
and form a solid organ called the Wolfficm 
body, or mesonephros. The duct is called the 
mesonephric, or Wolffian duct (fig. 656, W). 

The two ducts open into the cloaca which 
also receives the hinder opening of the ali¬ 
mentary canal. » 

The tubules of the Wolffian body become 
more convoluted and form the tubules of 
the head-kidney; some of their original 
openings into the peritoneal cavity can be traced, however, even 
in the adult. , 

From the lower end of the Wolffian duct a protrusion or growth 
takes place, and this also becomes hollow, and a number *of 
segmental tubes develop and form with it an organ similar to 
the Wolffian body ; this is called the met ane p hros . and it forms 
the hind kidney, which represents the true Kidney in the higher 
vertebrates; the metanephric duct becomes the ureter. It is 
represented at K, in fig. 657. 

In the female the Mullerian ducts become the oviducts, and, 
where they jbib, the uterus. In the male they disappear. The 
head or Wolffian kidney, and the hind or true kidney both 
execute renal functions iri both sexes ; but in the male, the 
Wolffian tubules apply themselves to the testis and constitute its 
Afferent airetS7"the main Wolffian duct becoming the vas deferens. 



656. — Diagram 
representing the 
splitting of the 
anchinephros into 
MUUerian (M) and 
Wolffian (W) duets. 
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Thus in fishes and amphibians, the senien passes through tubules 
..which are also renal in function. 

In the higher vertebrates the subject has been chiefly studied in 



Fig. 657-—Diagram showing the relations of the female {the left-hand figure 9 ) and of the 
male (the nghtjhand figure 6 ) reproductive oi^ans to the general plan (the middle figure) 
of these organs in the higher vertebrata {including man). VI, cloaca; /^rectum; 
B l, urinary bladder ; IT, ureter; A', kidney; V h, urethra ; V, gesital gland, ovary, or 
testis ; W, Wolffian body ; IK d, Wolffian duct ; 31 , Mullerian duct ; Pat, prostate 
gland; Op, Cowper’s gland ; C sp, corpus spongiosum ; C e. corpus cavemosum. 

In the female. — V, vagina; U t, uterus; F p, Fallopian tube; G t, Gacrtner’s duct; P v, 
parovarium; A, anus; Cc. Cap, clitoris. 

In the male. — V sp. Or., penis ; V t, uterus maseulinis; V s, vesicula seminalis ; Vd, vas 
deferens. (Huxley.) 


the chick, but moat of the facts have been confirmed in the 
mammal. 

The ajeMnephros which is first formed becomes the Wolffian 
duct, and the segmental tubules, which are rather more numerous 
than one to each segment, get bound into the Wolffian body. 
The MjgletjAn duct is not split oft’ from this, but is formed 
separately by a longitudinal folding in of the pleuro-peritoneal 
cavity ; the hind or true kidney is formed in both sexes as before 
by a growth backwards from the Wolffian duct. • 

The Wolffian bodies, or temporary kidneys, as they may be 
termed, give place at an early period in the human foetus to their 
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Fig. 658. —Transverse section of embryo chick (third day), mr, rudimentary spinal cord ; 
the primitive central canal has become constricted in the middle: oh, notochord ; 
u, to h, primordial vertebral moss ; m, musele-plate ; dr, <If, hypoblast and visceral 
layer of mesoblast lining groove, which is not yet closed in to form the intestines ; 
a 0, one of the primitive aortfe ; u ■», Wolffian body ; u n g, Wolffian duct; » c, vena 
cardinalis; h, epiblast; hp, somatopleur and its reflection to form a f, amniotic fold ; 
p, pleuro-peritoneal cavity. (Kolliker.) 


!/ 



Fig. 659.—Section of intermediate cefl-mass on the fourth day. m, mesentery; L, somato- 
pleur; a, germinal epithelium, from which z, the duct of MUller, becomes involuted; 
r, thickened part of germinal epithelium in which the primitive ova O and o, are 
lying; E, modified mesoblast, which will form the stroma of the ovary; If A', Wolffian 
body; y, Wolffian duct, x 160. (Waldeyer.) 
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successors, the permanent kidneys, whjch are developed behind 
them. Each diminishes rapidly in size, and loses all renal 
functions. In the male it is developed into the vasa effermtia, 
coni vasculosi, and 'Tjtdbus major of the epididymis j arid thus a 
direct connection between the secreting part of the testicle and 
its duct is brought about. The Wolffian ducts persist in the 
male, and are developed to form the body and globus minor of the 
epididymis, the vas deferens, and ejaculatory duct on each side; 
the -vesiculee seminales form diverticula from their lower part. 
In the female a small relic of the Wolffian body persists as the 
'parovariu m,^ a functionless collection of tubules lined with ciliated 
epithelium near the ovary ; in the male a similar relic is termed 



Fig. 660. - Diagram of two-horned uterus. The body of the uterus (U) is formed by the 
fusion of the two Mullerian ducts, the ununited portions of which form the oviducts, 
Fallopian tubes or horns of the uterus ( 0 , 0 ); V, vagina. 


the organ of Giraldes. The lower end of the Wolffian duct 
remains in the female as the duct of Gaertner, which descends 
towards, and is lost upon, the anterior wall of the vagina. 

The Fallopian tubes, the uterus, and the vagina are developed 
from the Miillerian ducts. The two Miillerian ducts are united 
below into a single cord, called the genital cord, and from this 
are developed the vagina, as well as the cervix and the lower 
portion of the body of the uterus; while the ununited portion of 
the duet on each side forms the upper part of the uterus, and the 
Fallopian tube. In certain cases df arrested or abnormal 
development, these portions of the Mullerian ducts may not 
become fused together at their lower extremities, and there is left 
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a cleft or horned condition of the upper part of the uterus re¬ 
sembling a condition which is permanent in certain of the low§r 
animals (see fig. 660). 

In the male, the Mullerian ducts have no special function, and 
are but slightly developed. The hydatid of Morgagni is the 
remnant of the upper part of the Mullerian duct. The small 
prostatic pouch, uterus masculinus, or sinus pocularis, forms the 
atrophied remnant of the distal end of the genital cord, and is, of 
course, therefore, the homologue, in the male, of the vagina and 
uterus in the female. 

We must now pass tb tlje development of the ovary and testis. 

Between the Wolffian body and the mesentery, the mesoblast 
covering the ridge produced by the projecting Wolffian body, is 
converted into a thick epithelium called the gej’ni epithelium, (see 
fig. 659). From this the reproductive gland (ovary or testis as 
the case may be) is developed. 

The outline of the manner in which the ovary is formed is 
described in Chapter LVI. (p. 766) ; the testis is formed in a 
similar way, only the downgrowths of cells which become nests of 
cells to form ova and germinal epithelium in the female, become I 
hollowed out. as seminiferous tubules in the male. 

For some time it is impossible to determine whether an 
ovary or testis will be developed; gradually however the special 
characters belonging to one of them appear, and in either case 
the organ soon begins to assume a relatively lower position in 
the body ; the ovaries are thus ultimately placed in the pelvis ; 
while towards the end of foetal existence the testicles descend 
into the scrotum, the testicle entering the internal inguinal ring 
in the seventh month of foetal life, and completing its descent 
through the inguinal canal and external ring into the scrotum by 
the end of the eighth month. A pouch of peritoneum, the 
processus vaginalis, precedes it in its descent, and ultimately forms 
the tunica vaginalis or serous covering of the organ ; the com¬ 
munication between the tunica vaginalis and the cavity of the 
peritoneum is closed only a short time before birth. In its 
descent, the testicle or ovary of course retains the blood-vessels, 
nerves, and lymphatics, which were supplied to it while in the 
lumbar region, and which accompany it as it assumes a lower 
position in the body. Hence the explanation of the otherwise 
strange fact of the origin of these parts at so considerable a 
distance from the organ to which they are distributed. 

Descent of ike Testicles Into the Scrotum .—The means by which 
the descent of the testicles into the scrotum is effected are not 
fully and exactly known. It was formerly believed that a mem- 
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branous and partly muscular cord, called^he gubernaculum testi s, 
which extends while the testicle is yet high iri ttieTabdomen, from 
its lower part, through the abdominal wall (in the situation of 
the inguinal canal) to the front of the pubes and lower part of 
the scrotum, was the agent by the contraction of which the 
descent was effected. It is now generally thought, however, that 
such is not the case, and that the descent of the testicle and 
ovary is rather the result of a general, process of. development i n 
these and neighbouring parts, the tendency of which. is jfcp. pro-^ 



Fig. 661.—Diagram of the Wolffian bodies, Mullerian ducts and ndjaeent.'paits previous to 
sexual distinction, as seen from before. nr, the supra-renal bodies; r, the kidneys ; 
ot, common blastema of ovaries or testicles ; W, Wolffian bodies; v\ Wolffian ducts ; 
mm, Mullerian ducts; g c, genital cord ; vg, sinus ttrogenitalis; i, intestine; cl, cloaca. 
(Allen Thomson.) 


duca th» 'Change-in tho relative- position - of. these orga ns. In 
other words, the descent is not the result of a mere mechanical 
action, by which the organ is dragged down to a lower position, 
but rather one change out of many which attend the gradual 
development and rearrangement of these organs. 

The homologue, in the female, of the gubemaculum testis is a 
structure called the rownd ligament of the uterus, which extends 
through the inguinal canal, from the outer and upper part of 
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the uterus to,the subcutaneous tissue in front of the symphysis 
pubis. 

At a very early stage of foetal life, the Wolffian ducts, ureters, 
and Mullerian ducts, open into a receptacle formed by the lower 
end of the allantois, or rudimentary bladder; and as this com¬ 
municates with the lower extremity of the intestine, there is for 
the time a common receptacle or cloaca for all these parts, which 
opens to the exterior of the body through a part corresponding 
with the future anus, an arrangement which is permanent in 
reptiles, birds, and some of the lower mammalia. In the human 
fictus, however, the intestinal portion of the cloaca is cut oft' 
from that which belongs to the urinary and generative organs ; a 
separate passage or canal to the exterior of the body, belonging 
to these parts, being called the sinus uro-genitalis. Subsequently, 
tliis canal is divided, by a process of division extending from 
before backwards or from above downwards, into a ‘pars urinaria ’ 
and a ‘ pars genitalis.’ The former, continuous with the urachus , 
is converted into the urinary bladder. 

The external parts of generation are at first the same in both 
sexes. 

The opening of the genito-urinary apparatus is, in both sexes, 
bounded by two folds of skin, whilst in front of it there is 
formed a penis-like body surmounted by the glans, with a cleft or 
furrow along its under surface. The borders of the furrows 
diverge posteriorly, running at the sides of the genitourinary 
orifice internally to the cutaneous folds just mentioned. In the 
female, this body becoming retracted, forms thv clitoris, and 
the margins of the furrow on its under surface are converted 
into the nymphte^ or labile minora, the labia majora pudenda; 
being constituted by the great cutaneous folds. In the male 
foetus, the margins of the furrow at the under surface of the 
penis unite at about the fourteenth week, and form that part of 
the urethra which is included in the penis. The large cutaneous 
folds form the scrotum, and later (in the eighth month'of develop¬ 
ment), receive the testicles, which descend into them from the 
abdominal cavity. Sometimes the urethra is not closed, and the 
deformity called hypospadias then results. The appearance of 
hermaphroditism may, in these cases, be increased by the reten¬ 
tion of the testes within the abdomen. 

The s up rarenal capsuja a-ori g i nate ina mas?rof' me8obhnrt just 
above the kidneys ; soon after their first appearance they are very 
much larger than the kidneys (see fig. 661), but by the more 
rapid growth of the latter this relation is soon reversed. 
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Abdominal muscles, action of in respira¬ 
tion, 516 

Abdueehs nerve, 21O 
centre, 217 
Aberration, 
chromatic, 352 
spherical, 351 
Absorption, 

of carbohydrates, 670 
fats, 671 
food, (170 
proteids, 671 
by the skin, 730 
Accelerator nerves, 160 
Accommodation of eye, 346 
defects of, 350 
Aeetonffimia, bbcj 
Acetyl, 556 

Achroo-dextrin, 354, 637 
Acids in gastric juice, 640 
Acid-albumin, 5(41, 643 
properties of, 361 
Acini of secreting glmyls, 628 
Acrylic series, 553 
Adamantoblasts, 80 
Adductors and sphincters, 316 
Adenoid or lymphoid tissue, 51 
in intestines, 614 
Adipose tissue, 47. See Fat. 
development, 49 
situations of, 47 
structure of, ib. 
uses, 49 

vessels and nerves, ib. 

Afferent nerves, 161 
After-birth, 788 

Age, influence on capacity of respira¬ 
tion, 522 
Air, 

atmospheric, composition of, 539 

breathing, 521 } 

complemental, ib. 

reserve, ib. 

residual, ib. 

tidal, ib- 


Amphioxus. 

Air— continued. 

changes by breathing, 540 
quantity breathed, 521 
transmission of sonoi’ous vibrations 
through, 309 

undulations of, conducted by external 
ear, ib. 

Air-cells, 511 
Air-tubes.' See Bronchi. 

Alanine, 651 
Albumin, 558, 360 
acid, 5(5 1 
alkali, ib. 

chemical composition of, 557 
egg, 5(x> 
laot-, ib. 
serum, ib. 
of^biood, 575 
Albuminates, 561 . 

Albuminoids, 564 , 

Albuminous substances, 357 
action of gastric fluid on, 644 
Albumoses, 558 

Alcohol as an accessory to food, 623 
Alimentary canal, 398 at set/. 

development of, 816 
Alkali-albumin, 361 
properties of, ib. 

Allantois, development of, 786 
Amido-acetic acid, 650 
Ammonia, 

oynnnte of, isomeric with urea, 704 
urate of, 712 
Amnesia, 326 

Amnion, development of, 785 
fluid of, 782, 785 
Amute, 6 

Amoeboid movements, 580 
cells, 6 

colourless corpuscles, 580 
cornea-cells, 329 
protoplasm, 12, 106 
Trandescantia, 14 

Amphioxus, circulatory system of, 
404 
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Blastema. 


Amyloids or Starches, 553 
action of pancreas and intestinal 
glands, 647 
of saliva on, 637 
Amylopsin, action or, 647 
Anabolic phenomena, 37c, 735 
Anacrotic pulse, 446 
Anelectrotonus, 177 
Angulus opticus seu visorius, 730 
Animal cell, structure of, 8 et seq. 
Animal heat. See Heat and Tempera¬ 
ture. 

Ankle-clonus, 252 
Antero-laternl ascending tract, 205 
Antero-laternl descending tract, 264 
Antihelix, 301 
Antitragus, ib. 

Aphasia, 326 
Aph*-nua, ib. 

Apno'a, 527 

Appendices epiploieto, 612 
Appendix veuniformis, ib. 

Aquteductus cochleso, 305 
Aqueduct, of Sylvius, 214 
Aqueous humour, 341 
Arachnoid membrane, 184 
Arches, visceral, 792 
Archinephros, 821 
Area germinativa, 772 
opaca, 773 
pellucida, 772 
vasculosa, 784, 795 
Areolar tissue, 38 
development of, 43 
Arginine, 708 

Arteria centralis t-etinse, 813, 811; 
Arterial tension in asphyxia, 537 
Arteries, 387 « 

bronchial, 512 
circulation in, 437 
velocity of, io. 
coronary, 412 
distribution, 387 
elasticity? 441 
muscularity, ib. 
nejves of, 390 

nervous system, influence of, 475 
pressure of blood in asphyxia, 537 
pulse. See Pulse, 
renal, 700 

rhythmic contraction, 442 et seq. 
structure, 388 et seq. 
umbilical, 788 
velocity of blood in, 437 
Articulate sounds, classification of, 
vowels and consonants, 325 
Arytenoid cartilages, 315 
effect of approximation, 317 
movements of, ib. 

Arytenoid muscle, 317 
Ascending tubule pf Henle, 688 

Asphyxia, 534 , . 

causes of death in, 535 


Asph yxia —con tinued. 

symptoms, 534 
Association fibres, 240 
Astigmatism, 351 
Atmospheric air, 538. See Air. 
composition of, 1539 
pressure in relation to respiration, 538 
Attraction sphere, 12 
Auditory canal, 309 et seq. 

function, ib. 

Auditory area, 266 
Auditory nerve, 217, 306 
distribution, ib. 
origin, 217 

Auerbach’s plexus, 607 
Auricles of heart. See Heart. 

Auricular diastole, 406 
systole, 406, 407 *' 

Auriculo-ventricular valves. See Heart 
valves. 

Axis-cylinder of nerve-fibre, 99 


B. 


Bacterial action on intestinal digestion, 
649 

Bacterium lactis, 552 
Basement-membranes, SI, 611 

Batteries and kevs, 112 
Daniell cell, ib. 

Bicuspid valve, 383 
Bidder's ganglion, 429 
Bile, 659 

absorption by lymph, 665 

analyses of human, £61 

capillaries, 657 

characters of, 661 

constituents of, 660, 661 

digestive properties, 648, 664 

doubtful antiseptic power, 664 

influence of fasting on secretion, 742 

mixture with chyme, 664 

mucin, 66i 

pigments, 662 

process of secretion, 659 

quantity secreted, 660 

salts, 602 

secretion and flow, 660 
specific gravity, 661 
uses, 664 

Bile-expelling mechanism, 665 
Bilirubin, 660, 662 
Bilivcrdin, 663 
Binocular vision, 367 
Bipolar«nerve-celfs, 187 
Birth, changes after, 806 
Biuret test, 559 

Bladder, urinary. See Urinary Bladder. 
Blastema.. See Protoplasm. 
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Blastoderm. 

Blastoderm, bilaminar, 771 
trilaminar, 772 
unilaminar, ib. 

Blastopore, 771 
Blastosphere, 770 
Blind spot. 355 
Blocking, 430 
Blood, 82, 568 

arterial and venous, difference be¬ 
tween, 386 
buffy coat, 373 
carbonic acid in, 543 
circulation of, 40o et seq. 
in the ftotus, 804 ' 

local peculiarities of, 451 
schema of, 403 
coagulation, 82, 570 rt sen. 
colour, 82, 568 
colouring matter, 588 

relation to that of bile, 591 
corpuscles or cells of, 82, 576. See 
Blood-corpuscles, 
red, 576 
white, 379 
crystals, 588 
development, 583 
extractive matters, 575 
fatty matters, ib. 
tibnn, 570 
separation of, 571 
gases of, 542 
haimoglobin, 576, 388 
odour or halitus of, 569 
oxygen in, 542 
oxyhsemoglobin, 588 
plasma, 568, 573 
quantity, 369' 
reaction, ib. 
salts, 573 , 

scrum of, 573 
s])ecific gravity, 568 19 
splenic, 493 ' 
structuiiil composition, 576 
taste, 569 
temperature, ib. 
tests for, 397 
venous, 38b 

Blood-corpuscles, red, 82, 576 
action of reagents on, 577 
composition of, 387 
development, 583 
intracellular, 586 
disintegration and removal, 493 
method of counting, 581 
origin of matured, 585 
roul&iux, 577 
specific gravity, 576 
stroma, ib. 

tendency to adhere, 577 > 

varieties, 576 
vertebrate, various, 578 
Blood-corpuscles, white, 579 
amoeboid movements of, 580 


Branchial. 

Blood-corpuscles, white— continued. 
composition of, 587 
derivation of, ib. 
formation of, in spleen, 493, 585 
locomotion, 579 
varieties, ib. 

Blood-crystals, 588 
Hlood-platelets,s8l 
Blood-pressure, 454 et seq. 
in capillaries, 462 
in veins, ib. 

action of respiratory movements on, 

48 1 

schema to illustrate, 435, 457 
Blood-vessels, 
circulation in, 437 
elasticity of, 440 
of eyeball, 341 
in intestines, 610 
of kidney, 690 
of stomach, 605 

influence of nervous system on, 467 
Body-cavity, 776 
Bone, 38 

canalieuli, 60 
cancellous, 38 
chemical composition, ib. 
compact, ib. 
development, 63 et seq, 
growth, 69 
Haversian canals, 61 
lacuna), ib. 
lamellae, 62 
marrow, 39 
medullary canal, 58 
microscopic structure, 60 
ossification in curtilage, 64 
periosteum and nutrient blood-vessels, 
59 

structure, 58 et seq. 

Brain. See Bulb, Cerebellum, Cere¬ 
brum, l’ons, etc. 
capillaries of 4sr 
of child, 243 

circulation of blood in, 451 
convolutions, 242 
development, 809 
of dog, 260 
in foetus, 211 
grey matter, 185 
lobes, 244 
of lunatic, 271 
membranes of, 184 
monkey, 261 
motor areas, 262 
orang, 243 

quantity of blood in, 451 
sensori-motor areas, 267 
sensory areas, 266 
vertebrate (section), 211 
ventricles, 209 
white matter, 183 
Branchial clefts, 793 




832 


INDEX. 


Bread. 

Bread as food, 623 
Breathing. Sec Respiration. 

Bronchi, arrangement and structure of, 
5°7 

Bronchial arteries and veins, 512 
Brownian movement, 106 
Brunner’s glands, On 
Buify eoat, formation of, 572 
Bulb, pons and mid-brain, 212 
anterior aspect, ib, et seq. ' 
internal structure, 221 et seq. 
posterior aspect, 214 
Bulbus arteriosus, 797 
Burdach’s column, 214, 222 
Burdon-Sanderson’s stethograpli, 518 
Bursa>, synovial, O27 
Butyric acid, 552, 649 


C. 


Caffeine, 625 
Calcification of bone, 00 
Calcium carbonate, 58 
in urine, 719 
fluoride, 58 
oxalate in urine, 718 
phosphate, 58 
Calorimeters, '752, 753 
Calyces of the kidney's, O85 
Canal, alimentary'. See Stomach, Intes¬ 
tine, etc. 

external auditory, 300 

function of, 309 ,, 

spiral, of cochlea, 30O 
Canaliculi of bone/ 60 
Canal of Sclilemm, 2 33 
of Petit, 341 
of Stilling, 815 

Canals, semicircular, of car, 273 
development of, 815 
Cancelloust tissue of bone, 58 
Cane sugar, 552 
Capacity of chest, vital, 521 
Capillaries, 394 
bile, 657 

circulation in, 438, 447 
velocity of, 438 
development, 795 
diameter, 394 
form, 395 

influence on circulation, 447 
network of, 395 
number, 396 

passage of corpuscles through walls 
of, 449 

pressure xn, 463 

resistance to flow of blood in, 447 
still layer in, ib. 
size, 39s 
structure of, 394 


. Celxs. 

• 

Capsule of Bowman, 687 
of Cilisson, 63(1 
Capsules, Malpighian, 686 
Carbamide. See lire a. 

Carbohydrates, 549 
absorption of, 670 
Carbonates in urine, 715 
Carbonic acid in atmosphere, 339 
in blood, 543 
effect of, 343 

increase of m breathed air, 539 
in lungs, 542 

Carbonic oxide hannoglobin, 595 
Cardiac ey*tle, 406 
Cardiiic glands, 603, 638 
! Cardiac orifice of stotnacli, action of, 
681 

i sphincter of, ib. • 

relaxathn in \ (uniting, ib. 

| Cardiac sympathetic, 423 
j Cardiogram from human heart, 415 
1 Cardiographs, 413 et seq. 
Cardio-inhibitory centre, 534 
Carotid gland, 364 
Cartilage, 53 
articular, 33, 34 
cellular, 37 

’ chomlrin obtained from, 55 
classification, 53 
costal, 33, 34 
development, 56 
elastic, 53, 36 

fibrous, 33, 36. See Fibro-eartilage. 
hyaline, 32 
matrix, ib. 
ossification, 64 
1 perichondrium of, 54 
structure, 53 
temporary,' 54 
transitional, i/>. 
varieties, 53 m 
Cartilages ol'larynx, 314 
Casein, 617. See Milk. 

Caseinogen, 562, 617 
Cauda equina, 808 
Caudate nucleus, 223 
Cavity of reserve, 81 
Cell division, 16 
Cells, 5 
amoeboid, 6 

blood. See Blood-corpuscles, 
cartilage, 33 et sea. 
ciliated, 36 
connective tissue, 39 
definition of, 6 

epithelium, 27. See Epithelium. 

fission, 16 

formative, 773 

gustatory, 294 

hepatic, 654 

nerve, 187 

olfactory, 298 

parietal, 604, 638, 639 
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Colls— continued. 
pigment, 106 
structure, 9 et seq. 
varieties, 26 et seq. 
vegetable, 6, 13 

distinctions from animal cells, 6 
et seq. 

Cells of Purkinje, 229 
Cellular cartilage. See Cartilage. 
Cellulose, 554 
Cement of teeth, 74, 77 
Centres, nervous, &c. See Nerve- 
centres. 

of ossification, 64 
Centrifugal machine, 573 
nerve-libres, 160 
Centripetal nerve-fibres, 161 
Centro-acinar cells, 646 
Cerebellar ataxy, 271 
Cerebellum, 228 

effects of removal or disease, 270 
equilibration, 271 
functions of, 269 et seq. 
grey matter, 189, 211, 229 
hemi-extirpation, results of, 270 
semicircular canals, 272 
extirpation of. 275 
sensory impulses, 271 
structure of, 228 
Cerebral cortex, 237 

histological structure, ib. 

Cerebral hemispheres. See Cerebrum. 
Cerebral nerves, origin of, 215 et seq. 

See under names of nerves. 
Cerebro-spinal fluid, 210 
Cerebro-spinal axis, 184 
Cerebro-spinal nervous system, 240 
See Brain, Spinal Cord, etc. 

Cerebrum, its structure, 231 
convolutions of, ^42 et seq. 
crura of, 209 * 

degeneration tracts alter injury of 
Kolandic area, 268 
development, 809 
effects of injury, 259 
removal, 250, 258 
external capsule, 235 
functions of, 255 et seq. 

early notions, ib. 
grey matter, 189, 232 
motor areas, 259, 262 
in relation to speech, 326 
internal capsule, 235 
localisation of functions, 256 
sensory areas, 259 
stimulation, ib. 
structure, 231 et seq. 

■white matter, 235 
Ceruminous glands of ear, 730 
Chambers of the eye, 341 
Chauveau’S dromograph, 438 
Chemical composition of the human 
body, 548 et seq. 

K.P. 


Chest, expansion in inspiration, 516 
Cheyne-Stokes’ respiration, 529 
Chlorides in urine, 715 
Cholagogues, 665 
CholaUc acid, 662 
Cholesterin, 99, 557, 663 
Choletelin, 603 
Choline, 557 
Chondrin, 564 
Chorda tympani, 633 
effects of stimulation of divided, 634 
Chord® tendinew. See Heart. 

Chorion, 787 
Choroid coat of eye, 328 
blood-vessels, 332 
development, 814 
structure, 332 
Choroidal fissure, 813 
Chromatic aberration, 352 
Chromophanes, 365 
Chromoplasm, 10 
Chyle, 399, 482, 671 
molecular basis of, ib. 

Chyme, 660 
Cilia, 30 

Ciliary epithelium, ib. 

function of, 31 
Ciliary motion, ib. 

nature of, 32 
Ciliary muscles, 333 
action of in adaptation to distances, 
347 

Ciliary processes, 333 
Circulation of blood, 377 
action of heart, 378 
in braia, 451 
capillaries, 447 
course of, 386 et seq. • 
erectile structures, 453 
influence of respiration on, 529 
peculiarities of, in different parts, 


pulmonary, 513 
systemic, 387 
in veins, 390 
velocity of, 439 
Circulatory system, 377 it seq. 
Circumvaflate papillue, 293 
Claustrum, 234 
Cleft-palate, cause of, 794 
Clefts, visceral, 792 
Clerk-Maxwell’s experiment, 360 
Clitoris, development of, 827 
Cloaca, ib. 

Clonus, 128 

Clot or coagulum of blood. See 
Coagulation. 

Coagulated proteids, 562 
Coagulation of blood, 82, 570 et seq. 

' conditions affecting, 572 
theories of, ib. 
of milk, 617 
Cocaine, 625 
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Coccygeal gland. 


•Coccygeal gland, 504 
Cochlea of the ear, 305 
theories in connection with, 312 
Coelom, 776 
Gohnheim, areas of, 87 
Cold spots, 290 
Collagen, 40, 58, 564 
Colloids, 558 
Colostrum, 616 

corpuscles, 617, 620 
Colour-blindness, 364 
Colour sensations, 360 
theories of, 362 

Colours, optical phenomena of, 360 
et seq. 

Columnar epithelium, 27 
Comma tract, 204 
Commissural fibres, 240 
Complemental air, 521 
Complementary colours, 362 
Compound tubular glands, 628 
Conception, 278 
Condiments, 62? 

Conducting paths in cord, 247 
Coni vaBculosi, 758, 760 
Conjunctiva, 328 
Connective tissues, 37 
classification, 37 
corpuscles, 40 
fibrous, 44 

general structure of, 38 
jelly-like, 52 
retiform, 50 
varieties, 37 

Contractility of muscle, 106 
Contraction of pupil, 249 • 

Convolutions, cerebral, 242 et seq. 
Co-ordination of muscular movements, 


Cooking, effect of, 624 
Copper sulphate, or Piotrowski’s test, 
559 

Corona radiata, 235 

Cord, spinal. See Spinal Cord. 

Corium, 627 
Cornea, 328 
corpuscles, 331 
nerves, ib. 
structure, 330 

Comeo-scleral junction, 334 
Corona radiata, 235 
Corpora Arantii, 303 
quadrigemina, 227 
Corpus callosum, 231, 232 
dentatum 

of cerebellum, 220 
of olivary body, ib. 

Highmorianum, 757 
luteum, 764 

of human female, 765 
of menstruation and pregnancy 
compare*!, 764 
striatum, 3 


' Dental. 

Corpuscles of blood, 82, 576. See 
Blood-corpuscles. 

Corpuscles of Herbst, 283 
Corti’s rods, 307 et seq. 
office of, 312 

Coughing, mechanism of, 528 
Cowper’s glands, 693 
Cranial nerves, 215 et seq. 
Crassamentum, 576 
Creatine, 707 
Creatinine, 713 
Crescents of Gianuzzi, 632 
Crioo-arytenoid muscles, 316, 317 
Critjoid cartilages, 314 
Crista acustica, 274 
Crosses of Kanvier, 100 
Crossed pyramidal tract, 203 
Crura eerebelli, 2^*8 
cerebri, 209 
Crusta, 227 
Crusta petrbsa, 77 
Crypts of Lieberkuhn, b II 
Crystallin, 334 
Crystalline lens, 333 

in relation to vision at different 
distances, 346 
Crystalloids, 558 
Cupula, 274 
Curdling ferments, 618 
Currents of action, 
constant, 113 
induced, 114 
nerve, no 

Cuticle. See Epidermis, Epithelium. 
Cutis vera, 725 
Cystic duct, 653 
Cystin in urine, 718 


D. 


Daltonism, 364 
Daniell’s battery, 112, 113 
Decidua, 780 
development of, 782 
menstrualis, 767 
reflexa, 780 
serotina, ib. 
vera, id. 

Decussation of fibres in medulla ob¬ 
longata, 223 
in spinal cord, 247 
of optic nerves, 370 
Defalcation, mechanism of, 684 
inguence of spinal cord on, ib. 
Degeneration method, 164, 167, 199 
Deglutition. fSee Swallowing. 

Dental germ, 78 
papilla, ib. 
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Dentine, 74 
formation of, 79 
Depressor nerve, 475 
Dermis, 725 

Descemet's membrane, 231 
Descending tubule of Henle, 688 
Deutero-aibumose, 643 
Development, 768 
adipose tissue, 40 
alimentary canal, 8l6 
allantois, 786 
arteries, 797 
blood-vessels, ib. 
brain, 809 
decidua, 782 
ear, 813 

extremities, 790 
eye, 812 
face, 791 

foetal membranes, 780 

genito-urinnry apparatus, 820 et seq. 

bead, 791 

heart, 795 

limbs, 791 

liver, 818 

lungs, 819 

medulla oblongata, 810 
muscle, 95 
nerves, 808 
nervous system, 806 
nose, 815 

organs of sense, 812 
ovum, 768 
pancreas, 818 
pituitary body, 790 
respiratory apparatus, 819 
salivary glands, 818 
spinal cord, 806 
teeth, 77 * 

vascular system, 79s 
veins, 8oi 

visceral arches and clefts, 792 
of Wolffian bodies, urinary apparatus 
and sexual organs, 820 
Dextrin, 554 
Dextrose, 550 
in urine, 721 

testB for determining, 722 
Diabetes, 668, 746 

artificial production in animals, 669 
Diapedesis of blood-corpuscles, 449 
Diaphragm. See Inspiration, &c. 

development, 820 
Diastase of liver, 667 
Diastole of heart, 406 
Diorotio pulse, 446 
Diet, 739 et tea. 

nutritive value, 615 
Digestion, 

duration of intestinal, 684 
in the intestines, 645 et seq r. 
mechanical processes of, 674 et seq. 
See Gastric fluid, Food, Stomach. 


Dilatator pupilhe, 333 
Diplopia, 367 

Direct cerebellar tract, 204 
pyramidal tract, ib. 
Disaccharides, 550 
Discus proligerus, 764 
Diuretics, 697 
Dobie’s line, 88 
Dorsal ridges, 774 
Double vision, 367 
Dromograph, Cnauveau’s, 438 
Drugs, action of, 684 
| Ductless glands, 488 et seq. 
Ducts of Bellini, 688 
of Cuvier, 802 
Ductus arteriosus, 799, 803 
closure of, 806 
venosus, 804 
closure of, 806 

Dudgeon’s sphygmograph, 444 
! Dulong’s calorimeter, 753 
Duodenum, 606 
Dura mater, 184 
; Dyspnoea, 525 


E. 


Ear, 300 

bones or ossicles of, 303 
function of, 310 
development of, 815 
external^ 300 
function of, 309 
internal, 303 
function of, 309 
middle, 302 
function of, 310 
Ectoderm, 772 
Efferent nerves, 161 
Eggs as food, 615, 621 
Elastic cartilage fc XM!S6 
fibres, 44 
tissue, 46 
Elastin, 40, 565 
Electrical nerves, l6r 
Electricity, 

action on blood-corpuscles, 579 
in muscle, 180 
nerve, ib. 

Electrodes, non-polarisable, 142 
Electrometer, Lippmann’s capillary, 143 
Eleetrotonus, 171 
Eleidin, 725 

Elementary substances in the human 
body, 548 

Embryo, 768 et seq. See Development. 
Embryological method, 199 
Embryonic heart and blood-vessels, 798 
Kmbryonie spot, 772 
Emetics, 682 


3 w 2 



8 3 6 

Emu lsification. 

"Emulsification, 556 
Enamel of teeth, 76 
formation of, 79 
Enamel organ, 79 
Enchvlema, 9 
End-bulbs, 283 
End-plates, motorial, 102 
Endocardiao pressure, 417 
Endocardium, 379 
Endoderm, 772 
Endolymph, 273, 304 
Endomysium, 83 
Endothelium, 26 

distinctive characters, ib. 
germinating, 25 
Epeneepbalon, 212, 8ri 
Epiblast, 22, 772 
organs formed from, 779 
Epidermis, 724 
Epididymis, 757, 760 
Epiglottis, 319, 320 
Epimysium, 85 
Epithelium, 23 
chemistry of, 36 
ciliated, 30 
cogged, 35 
columnar, 27 
compound, 24 
cubical, 27 
germinal, 762 
goblet-shaped, 29 
nutrition of, 36 
pavement, 26 
renal, 697 
simple. 24 
spheroidal, 27 
stratified, 34 
transitional, *-53 
Erectile structures, circulation in, 453 
Erection, id. 
cause of, id. 

influence of muscular tissue in, id. 
Ergograph, 153 
Erythrcf-dextrin, 554 
Esbaeh’s albuminometer, 721 
Eustachian tube, 302 
function of, 310 
Exchange of material, 737 
in diseases, 745 
with various diets, 743 
Excitability of tissues, 105 
Exercise, 

elfectB of, on temperature of body, 750 
Expiration, 517 
force of expiratory act, 322 
influence of, on circulation, 532 
mechanism of, 517 
muscles concerned in, id. 
relative duration of, 520 
External capsule, 235 
sphincter muscle, 083 
Extremities, development of, 790 
Eye, 327 


INDEX. 

Fibres. 

Eye— continued. 
action of drugs on pupil, 354 
adaptation of vision at different dis¬ 
tances, 346 et aeq. 
blood-vessels, 341 

causes of dilatation and contraction 
of pupil, 354 
development of, 812 
optical apparatus of, 342 
defects in, 330 
refractive media of, 342 
resemblance to camera, ib. 

Eyeball, blood-vessels of, 341 

muscles influencing movement, 366 

Eyelids, 328 

development of, 815 

Eyes, simultaneous action of in vision, 
36 7 - 


F. 


Face, development of, 791 
Facial nerve, 217 

effects of paralysis of, id. 
origin, ib. 

relation of, to expression, id. 
Fasces, composition of, 674 
Quantity of, id. 

Fallopian tubes, 766 
development of, 824 
Falsetto voice, 323 
Faradisation, 127 
Fnr-point, 351 
Fasting, 

influence on secretion of bile, 742 
Fat. See Adipose tissue, 
action of bile on, 664 
of pancreatic secretion, 647 
situations where found, 47 
uses of, 49 
Fats, 555 
absorption of, 671 
action of pancreatic juice on, 647 
chemical constitutipn, id. 
decomposition products, 556 
emulsification, ib. 
of milk, 618 
saponification, ib. 

Fatty acids, 555 
Female generative organs, 762 
Fenestra ovalis, 304 
rotunda, 305 
action of, 311 
Ferment cougulation, 560 
Feaments, 565, 639 
classification of, 566 
in pancreatic juice, 647 
Fibres of Mfiller, 336 
of Bemak, 102 
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Fibrin, 570 
ferment, 572, 575 
formation of, 571 
Fibrinogen, 82, 572, 575 
Fibrinoplastin, 575 
Fibro-cartilage, 55 
classification, in. 
development, 56 
white, 55 
yellow, 56 
Fibrous tissue, 44 
white, ib. 

yellow, 46 « 

Fick’s sprmg-kymograpli, 462, 463, 
Fifth nerve, 217 
Fillet, 226 

Filum terminate, 194 
Fleisehl’s htemoglobniometer, 597 
Flesh of animals, 615 
Flour as food, 622 
Fluids, swallowing, 677 
Fluoride of calcium, 58 
Focal distance, 346 
Fcetal membranes, 780 
development of, 783' 

Foetus, 

circulation in, 804 
communication with mother, 788 
Follicles, Graafian. See Graafian Vesi¬ 
cles. 

Food, 615 

absorption of, 670 et seq. 
accessories to, 625 
cooking of, 624 
digestibility of articles of, 615 
value dependent on, ib. 
of man, 616 
too little, 741 

proximate principles in, 615 
vegetable, 615, 623 
Foramen ovate, 799 * 

Foramen of Mageudie, 210 
Fore-gut, 779 
Formative cells, 774 
Formic acid, 555 
Fornix, 234 

Fourth cranial nerve, 216 
Fovea centralis, 360 
Fundus of eye, 357 
of urinary bladder, 692 
Frontal-nasal process, 794 
Funiculus solitarius, 218, 224 
Furfur aldehyde, 662 
Fuscin granules, 366 


G. 


Galactose, 551 
Gall-bladder, 658 
•tructure, 659 


Glycosuria. 

Galvanism, 139 
Galvanometers. 140 
Ganglia. See Nerve-centres. 

Ganglion Bpirale, 309 
Gas analysis, 547 
Gases, 

extraction from blood, 542 
in blood, 542 
in the lungs, 541 
of plasma and serum, 574 
Gastric glands, 638 
innervation of, 641 
Gastric juice, 638 
acids in, 640 
test for, ib. 

action of, on food, 642. See 678. 
artificial, 638 
bacterial action, 649 
composition of, 640 
pepsin of, 639, 640 
secretion of, 640 

influence of nervous system on, 
641 

Gelatin, 40, 564 
as a constituent of food, 622 
Genito-urinary apparatus, development 
of, 820 

Generative organs of the female, 762 
of the mate, 756 
Gerlach’s network, 197 
Germinal cells, 807 
disc, 773 

epithelium, 762, 765 
Germinal spot, 76!) 

vesicle, in. 

Giant cells, 59 

Glands. See names of different. 

Gland, prostate, 693 • 

Glissou’s capsule, 656 
Globulins, 558, 560 

distinctions from albumin, 558. 
Glosso-pharyngeal nerve, 218 
communications of, ib. 
functions, 219 * 

motor filaments, 218 
a nerve of common sensation and of 
taste, 219 

Glottis, movements of, 323. 

Glucoso 
in liver, 066 
test for, 554 
Glycerides, 555 
Glycerin or Glycerol, 556 
Glycocholic acid, 662 
Glycocine, 650, 662 
Glj cogeu, 554, 666 
characters, 554 
destination of, 667 
preparation, ib. 
quantity formed, ib. 
source of, 666 
variation with diet, 667 
Glycosuria, 668 



8 3 8 


INDEX. 


Gmeliw. 

.Gmelin’s test, 663 
Goblet cells, 29, 028 
Goll’s column, 214, 222 
Gowers’ hemacytometer, 582 
heemoglobinometer, 596 
Graafian vesicles, 762 

formation and development of, 762 
et seq. 

relation of ovum to, 763 
rupture of, changes following, 764 et 
xeq. 

Grandry, corpuscles of, 286 
Granular layers of retina, 337 
Grape-sugar. See Dextrose. 

Grey matter of cerebellum, 229 
of cerebrum, 332 
of crura cerebri, 211 
of medulla oblongata, 214, 221, 223 
of pons Varolii, 214 
of spinal cord, 185, 196 
Groove, primitive, 772 
Growth of bone, 69 
Gubemaeulum testis, 826 
Gullet, (too 


II. 


Hemacytometers, 582, 583 
Haamadromometer, Volkmann’s, 439 
Hamatin, 589 

Hsematoblasts, 577, 585 , 

Hiematoehometer, Vierordt’s, 438 
Haamatoidin, 5911 
Hematoporphyrin, 590 
Haem-autograph, 447 
Heemin, 590 
Hemochromogen, ib. 

Hemoglobin, 83, 576, 588 et seq. 
analysis of, 589 
compounds of, 391 
distribution, 588 
Hsftnoglobinometer, 596, 597 
Hemoglobinuria, paroxysmal, 723 
Hair-follicles, 727 
Hairs, ib. 

structure of, ib. 

Hamulus, 306 

Hassall, concentric corpuscles of, 496 
Haversian canals, 61 
Head, development of, 791 
Head and tail folds, 770. 

Hearing, anatomy of organ of, 300 et 
»eq. 

influence of external ear on, 309 
of middle ear, 310 
physiology of, 309 
range of, 313 

See Sound, Vibrations, etc. 


Helmholtz. 

Heart, 378 et seq. 
action of, 

accelerated, 425 
force of, 421 
frequency of, ib. 
inhibited, 424 
work of, 422 
auricles of, 379, 406 
capacity, 382 
chambers, 379 
chord® tendinesB of, 384 
columnas came® of, ib. 
course^of blood in, 386 
ej;ple, 406 
development, 795 
endocardiae pressure, 416 
endocardium, 379, 383 
force, 421 • 

frog’s, 404, 405, 433 
nerves of, 426 
ganglia of, 425 
influence of drugs, 427 

of pneumogastric nerve, 423 
of sympathetic nerve, 425 
innervation, 422 
intracardiac nerves, 428 
investing sac, 378 
muscular fibres of, 93 
musculi papillares, 384 
nervous system, influence on, 

422 

pericardium, 378 
physiology, 406 et seq. 
reflex inhibition, 427 
situation, 378 
size and weight, 382 
sounds of, 410 
causes, 411 
structure of, 383 v 
valves, ib. 

auriculo-ventricular, 382 
function of, 408 
semilunar, 385 
structure, to. 
function of, 409 

ventricles, their action, 379, 382 
work of, 422 

Heat, animal. See Temperature 
influence of nervous system, 755 
of various circumstances on, 754 
et seq. 

losses by radiation, etc., 752 
variations of, 750 
Heat spots, 290 
Heat-value of food, 751 
Height, relation to respiratory capacity, 
522 

Helicotrema, 307 
Ilelixwrf ear, 301 
Hellers nitric-acid test, 720 
Helmholtz’s induction coil, 117 
myograph, 118 
phakoscope, 348 
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Hemi-albumin, 643 
albumose, ib. 
peptone^ ib. 

Hemiplegia, 259 
Hemisection of spinal cord, 205 
Hemispheres, Cerebral. See Cerebrum. 
Hensen’s line, 89 
Hepatic cells, 654 
colic, 665 

Herbst, corpuscles of, 283 
Hering’s theory of colour, 364 
Hetero-albumose, 643 
Hiccough, mechanism of, 528* 

Hill’s air-pump, 547 
Hind-gut, 779 
Hippuric acid, 712 
Horopter, 369, 370 
Holoblastic ova, 76c) 

Hurthle’s manometer, 420, 463 
Hyaline cartilage, 53 
Hyaloplasm, 9 
Hydrobilirubin, 663, 703 
Hypermetropia, 351 
Hypoblast, 22, 772 

organs formed from, 780 
Hypoglossal nerve, 2x9 
distribution, 220 
origin, 219 


I. 


Ileo-csecal valve, 605, 614 
Ileum, 606 

Image, formation of, on retina, 344 
Impregnation of qyum, 770 
Inanition or starvation, 741 
Incus, 303 • 

development of, 794 
Indict®, 715 
Indigo, ib. 

Induction coil, 114 et seq. 

current, 114 
Infundibulum, 5x1 

Inhibitory influence of pneumogastric 


nerve, 424 

Inhibitory nerves, 161 
Inogen, 152, 156 

Inorganic compounds in body, 548 
salts in protoplasm, 9 
Inosite, 551 
Insalivation, 675 
Inspiration, 513 

elastic resistance overcome by, 514 
expansion of chest in, 516 
extraordinary, ib. 
force employed in, 522 
mechanism of, 513 et seq. 

Instruments for demonstrating muscular 
action, 112 et seq. 


Intercellular material, 39 
passage, 511 
Intercentral nerves, 163 
Intercostal muscles, action in inspira¬ 
tion, 516 et seq. 
in expiration, 517 
Intermittent pulse, 442 
Internal capsule, 234, 235 
importance of, 235 
Internal sphincter muscle, 613, 683 
Interstitial ceils, 749 
Intestinal juice, 648, 684 
Intestines, 605 
action of drugs, 684 
digestion in, 645, 648 
duration of, 684 
development of, 817 
large, 612 
glands, 614 
structure, 612 
movements, 682 
nervous mechanism, 683 
small, 605 
glands,' 611 
structure, 606 
InversioiuSSi, 648 
Invertin', 648 

Involuntary muscles, 84 (see i $7 et seq.) 
structure of, 84 

development of, 814 
functions of, 353 
reflex actions of, 354 
Irradiation, 352 
Irritability of tissues, 105 
Iso-choksterin, 064 
Iso-maltose, 553 


J. 


Jacksonian epilepsy, 261 
Jacobson’s nerve, 218 
Jaundioe, 663 
Jejunum, 606 
Jelly of Wharton, 43 
Jelly-like connective tissue, 52 
Juice, gastric, 638 
pancreatic, 646 


K. 


Karyokinesis, 17 et seq. 
phases of, 21 

Katabolio phenomena, 375, 736 
Kateleotro tonus, 177 
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Keratik. 

Keratin, 37, 565, 724 „ 

Key, Du Bois Eeymond’s, 113 
Kidneys, 685 

blood-vessels of, how distributed, 690 
calyces, 685 
capillaries'of, 690 
development of, 824 
extirpation of, 700 
function of, 693. See Urine. 
Malpighian corpuscles of, 688 
nerves, 694 
structure, 685 
tubules of, 688 et seq. 
weight, 685 
work done by, 698 
Knee-jerk, 252 

Konig’s apparatus for obtaining flame - 
pictures of musical notes, 324 
Krause’s membrane, 88 
Kroneeker’B perfusion cannula, 433 
Kymograph, Fick’s spring, 462, 463 
"Ludwig’s, 439 
tracings, 462, 464 


L. 


Labia externa and interna, 
development of, 827 
Labyrinth of the ear. See Ear. 
Lacrimal gland, 328 
Laot-albumin, 617 
Lacteals, 398, 609 * 

fermentation, 552 
Lactiferous ducts, 619 
Lactose, 552,618, 721 
Lamina cribrosa, 336 
Laminee viscerales or ventrales, 778 
Langley’s ganglion, 633 
nicotine method, 472, 634, 684 
Large intestine. See Intestine. 
Laryngoscope, 319 
Larynx, anatomy of, 314 
cartilages of, tb. 
mucous membrane, 318 
muscles of, 316 
nerves of, 318 
vocal cords, 314- 320 
movements of, 321 
Lateral sclerosis, 251 
Lateritious deposit, 712 
Lecithin, 99, 557 
Lens, crystalline, 333 
Lenticular nucleus, 233 
Leucin, 650 

Leucocytes. See Blood corpuscles 
(white). 

Levulose, 551 

LieberkUmrs glands, 611, 614 

jelly, 562 


Lysine. 

Limbs, development of, 791 
Lippmann’s capillary electrometer, 143 
Liquor amnfi, 785 
Liquor sanguinis, or plasma, 82, 568 
Liver, 653 
blood-vessels of, 656 
capillaries of, 657 
cells of, 654 
circulation in, 657 
development of, 818 
functions of, 659 
glycogenic function of, 666 
secretiox of. See Bile, 
structure, 654 

sugar formed by, 666 (see 668) 
supply of blood to, 653, 660 
Locality, sense of, 287 
Locomotor ataxy, 248 
Loop of Henle, 688 
Ludwig’s air-pump, 546 
kymograph, 459 
Stromuhr, 437 
Lungs, 509 
blood-supply, 512 
capillaries of, 511 
cells of, 511 
changes of air in, 539 
circulation in, 512 
coverings of, 509 
development of, 819 
diffusion of gases within the, 541 
lobes of, 510 
lobules of, ib. 
lymphatics, 512 
muscular tissue of, 511 
nerves, 513 
nutrition of, 512 
position of, 504 
structure of, 569 • 

Luxus consumption, 746 
Lymph, 597, 48% 
composition of, 481 
current of, 485 
formation 01, 486 
Lymph capillaries, 397 
origin of, 399 
structure, tb. 

Lymph-hearts, structure and action of, 

485 

relation of, to spinal cord, 486 
Lymphatic glands, 399, 482 
development, 819 
Lymphatic vessels, 397 
of arteries and veins, 39^ 


communication 
397 

structure of,, 


with blood-vessels. 


structure of, 399 
Lymphocytes, 482 

LympUoid or retiform tissue, 50. See 
Adenoid Tissue. 

Lysatine or Lysatinine, 708 
Lysine, ib. 
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M. 

Macula, 274 
lutea, 335 

Male organs of generation, 756 
MalgAexual functions,' 760 
Malleus, 303 

Malpighian bodies or corpuscles of kid¬ 
ney, 686. See Kidney, 
corpuscles of spleen, 4yi 
Maltose, 553 
Mammary glands, 619 
evolution, 620 
involution, 621 
Ikctation, 620 
structure, 619 
Mandibular arch, 793 
Manometer, Hurthle s, 420, 463 
Marey’s sphygmograph, 443 
tambour, 129, 415 
Mastication, 675 
Mastoid cells, 302 
Meat as food, 621 
Meatus of ear, 306 
Meconium, 672 

Medulla oblongata, 209, 212 et seq . 
columns of, 213 
decussation of fibres, 223 
fibres of, how distributed, 213 
grey matter in, 210 
pyramids of, anterior, 213 
posterior, 214 
structure of, 221 
Medullary groove, 774 
plates, ib. 

Meibomian follicles, 628 
Meissner’s plexus, 608 
Melanin, 306 

Membrana capsulo-pupillaris, 815 
decidua, 780 
granulosa, 764 • 

development of into corptis luteum, 
ib. 

hyaloidea, 341 
limitans externa, 338 
interna, 336 

propria or basement membrane. See 
Basement Membrane, 
pupillaris, 815 
teotoria, 308 
action of, 312 
tympani, 301, 302 

Membrane or the brain and spinal cord, 
184 

vitelline, 765 

Membranes, mucous! See Mucous 
Membranes. 

Membranes, serous. See Serous Mem¬ 
branes. » 

Membranous labyrinth, 305. See Ear. 
Menstruation, 764, 767 
coincident with discharge of ova, 767 
corpus luteum of, 764 


MUCOUS MEMBKANB, 

Mercurial kymograph, 459 
Meroblastic ova, 769 
Mesencephalon, 212, 811 
Mesoblast, 22, 772 
organs formed from, 780 
Mesooephalon, 811 
Mesoderm, 772 
Mesonephros, 821 

Metabolic balance-sheets, 739 et seq. 
Metabolism, 375 
general, 734 et seq. 

Metanephros, 821 
Metencephalon, 212, 811 
Methoomoglobin, 595 
Microcytes, 577 

Micro-organisms, types of, 566 
; Micropyle, 769 
Micturition, 701 
Middle ear. See Tympanum. 

Mid-gut, 779 
Milk, as food, 616 

chemical composition, 617 
coagulation of, ib. 
fats of, 618 
proteids of, 617 

reaction and specific gravity, ib. 
salts of, 619 
secretion of, 616 
Milk-curdling ferments, 648 
Milk-globules, 616 
Milk-sugar, 552, 618 
properties of, 552 
Milk-teeth, 70 et seq. 

Millou’s re-agent and test, 559 
Mitral cells, 299 
Modiolds, 305 
Molars. See Teeth. 

Molecular layers, 337, 338 
Moleschott's diet table, 616 
Monaster stage of karyokinesis, 18 
Monoplegia, 259 
Moore’s test for sugar, 550 
Morphological development, 22 
Mosso’s ergograph, 153 » 

Motor areas, 259, 262 
Motor impulses, transmission of in cord, 
247 

nerve-fibres, 98 
Motor nerves, 160 
Motor oculi nerve, 216 
origin of, ib. 

Mouth, 599 

Movements of intestines, 682 
protoplasm, 12, 106 
Mucigen or Mucinogen, 631 
Mucic acid, 551 
Mucin, 36, 564 
Mucous membrane, 627 
basement membrane of, 628 
epithelium-cells of, ib. See Epithe¬ 
lium. 

digestive tract, 628 
gastro-pulmonary tract, ib. 
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MUCOUS MEMBRANE. 

Mucous membrane— continued. 

genito-urinary tract, 628 
' gland-cells of, ib. 
of intestines, 608, 613 
of stomach, 603 
of uterus, changes of in pregnancy, 

767 

respiratory tract, 628 
Mucus deposited from urine, 716 
Muller’s fibres, 326 
Mullerian duct, 821 
Murexide test, 71 x 
Multipolar nerve-cells, 187 
Muscle, III 

blood-vessels of, 93 
cardiac, 93 

changes in form, when it contracts, 

112 et seq. 

chemical composition of, 155 
clot, 155 
columns, 87 
contractility, 107 
curves, 1x9, 122,124 
development, 95 
dynamometer, 137 
elasticity, 131 

electrical phenomena of, 139, 180 
extensibility of, 131 et seq. 

curves of, 133, 134 
fatigue, effect of, 124,153 
curves, 124 
Hensen’s line, 89 
involuntary, 84 (see 157 et seq.) 
irritability of, 108 
nerves of, 93 

plain, 94 ' « 

plasma, 155 

red, 93 *• 

response to stimuli, 109 et seq. 

rigor 154, X59 

sarcolemma, 86 

serum, 155 

shape, changes in, 128 
skeletal, 85 

sound, developed in contraction of, 128 
spindle, 96 
stiihuli, 109 

striated, structure of, 86 et seq. 
tetanus, 127 
tonus, 136, 159 
twitch, 122 

voluntary, 85 (see 157 et seq,) 
wave, 125 
work of, 136 

Muscular action, conditions of, 138 
Muscular contraction, 111, 123 

effect of two successive stimuli, 126 
of more than two stimuli, 127 
voluntaiy tetanus, 128 
Muscular fibres, 
development, 95 
plain, 84 

transversely striated, ib. 


Nerves. 

Muscular force, 136 
irritability, 108 
sense, 290 
tissue, 84 et seq. 

Muscularis mucosee, 507* 601, 603, 6lO 
Musical sounds, 323 
Myeloplaxes, 59 
Myelospongium, 806 
Myograph, 118 
pendulum, 120 
spring, ib. 
transmission, 129 
r Myopia, or fhort-sight, 351 
| Myosin, 155 
Myosinogen, 156 


N.p 

Nails, 726 

Nasal cavities in relation to smell, 297 
et seq. 

Nasmyth's membrane, 74 
Near point, 349 
Nerve-cells, varieties of, 187 
Nerve-centres, 183 et seq. Set Cere¬ 
bellum, Cerebrum, &c. 
ano-spinal, 684 
cardio-inhibitory, 534 
cilio-spinal, 255 
defecation, 684 
deglutition, 677 
erection, 255 
micturition, ib. 
parturition, ib. 
respiratory, 524 
secretion of saliva, 633 
speech, 265 
vaso-motor, 255, 46^ 
Nerve-corpuscles, 187 et seq. 
bipolar, 187 
polar, ib. 

Nerve epithelium, 279 
Nerves, 97 

accelerator, 160 
action of stimuli on, 109, 702 
afferent, 97, 161 
axis-cylinder of, 99 
cells, 98, 187 
centrifugal, 160 
centripetal, 161 
eerebro-spinal, 240 
changes in, during activity, 168 
classification, 160 
cranial. See Cerebral Nerves, 
degeneration of, 163 
reaction, 181 

direction of a nerve impulse, 169 
efferait, 97, 160 
electrical, 161 
stimulation of, 180 
fibres, 98 

development of, 104 
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Nerves. 

Norves —con tinned. 
functions of, 163 
funiculi of, 101 

F e 7> 98 

inhibitory, 161 

intercentral, 163 

intracardiac, 428 

irritability of, 105 

laws of conduction, 160 el seq. 

medullary sheatli, 99 

medullated, 98 

motor, 160 

termination of, 102 
olfactory, 298 
■eiodes of llanvier, 99 
non-medullated, 98 
plexuses of, 102 
secretory, 161 ’ 
section of, 163 
size of, 101 

spinal. See Spinal Nerves, 
splanchnic, stimulation of, 524 
stimulation of cut, 163,524 
structure, 98 

sympathetic, influence on heart, 
425 

taste, 294 
terminations of, 

in corpuscles of Golgi, 286 
in corpuscles of Grandry, ib. 
in corpuscles of Hcrbst, 283 
in end-bulbs, ib. 
in motorial end-plates, 102 
in networks or plexuses, 287 
in Pacinian corpuscles, 282 
in touch-corpuscles, 285 
trophic, I()I, 375 
velocity of nerve-impulse, 168 
Nervous force, velocity of, ib. 

Nervous system, 

cerebro-spinnl, 184,3240 
development, 806 cf. seq. 
sympathetic, 425 

Nervous tissues, chemistry of, 170 
Neural crest, 809 
Neuroblasts, 807 
Neuroglia, 186, 196 
Neurokeratin, 99, 186 
Nitric oxide hsemoglobin, 595 
Nitrogen eliminated in the form of 
urea, 615 
Nodal point, 342 
Nodes of Eanvier, 99 
Nose. See Smell. 

development of, 815 
Notochord, 775, 789 
Nuclear layers, 337, 338 
sap or matrix, io 
Nucleic acid, 565 
Nuclein, 11, 565, 618 
Nuclei pontis, 225 
Nueleo-proteids, 562 
Nucleoli, 10 


Nucleus of animal cell, 6, 9 et seq. 
chemical composition, 11 
division, 16 
staining of, IO 
structure, 10 

Nucleus ambiguus, 218, 224 


O. 

Odontoblasts, 78 
Odontogen, 79 
Odours, 300 
(Esophagus, 
x development, 816 
structure of, 600 
Oleaginous principles, 555 
Oleic acid, ib. 

Olein, ib. 

Olfactory bulb, 299 
cells, 298 
nerves, 216, 298 
tract, 299 

Olivary body, 214, 224 
Omphalo-mcsenteric veins, 784, 795 
Oncograph, Boy’s, 478, 479 
Oncometer, Hoy’s, 479, 494, 696 
Ophthalmoscope, 357 et seq. 

Optic nerve, 216 

decussation of fibres in, 370 
development of, 813 
Optic thalamus, 233 
vesicle, primary, 809 
Optical angle, 344 
appcs-atus of eye, 342 
Optogram, 365 
Ora serrata of retina, 335 
•Organ of Corti, 307 
of Giraldes, 824 

Organic compounds in body, 549 
Organised ferments, 566 
Organs of sense, development of, 812 
Osseous labyrinth, 304 ’ • 

Ossicles of the ear, 303 
action of, 310 
Ossification, 64 et seq. 

Osteoblasts, 64, 68 
Osteoclasts, 68 
Ovary, 762 
development of, 766 
Graafian vesicles in, 762 
Oviduct, or Fallopian tube, 766 
Ovigerms, 762 
Ovum, 22, 768 

action of seminal fluid on, 770 et seq. 
changes of, in ovary, 769 
previous to fecundation, 771 
cleaving of yolk, 771 
fertilised, io. 
formation of, 766 

germinal vesicle and spot of, 765 et 
seq. 
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Ovum. 

Ovhm— continued. 
impregnation of, 770 
segmentation, 771 
stmcturc of, 768 
in mammals, 765 

subsequent to cleavage, 771, et seq. 
unimpregnated, 768 
Oxygen in the blood, 542, 548 
Oxyhemoglobin, 83, 588 et seq., 501 
spectrum of, 1594 


1 \ 

Pacchionian bodies, 185 
Pacinian corpuscles, 282 
Pain, 279 (see 248, 267) 

Palmitic acid, 455 
Palmitin, ib. 

Pancreas, 645 

development of, 818 
extirpation of, 652 (see 669) 
functions of, 652 
secretory nerves of, 651 
structure, 645 
Pancreatic juice, 646 
action on fats, 647 
composition and action, 646 
Papillae 

of the kidney, 689 
of skin, distribution of, 726 
of tongue, 293 
Parachordal cartilages, 791 
Paraglobulin, 575 
Parapeptone, 643 
Parietal cells, 639 % 
mesoblast, 776 
Parotid gland, 635 
Paroxysmal hiemoglobinuria, 723 
Pars ciliaris retime, 341 
Par vagum. See Pneumogastric nerve. 
Pathological urine, 720 
Pavy*s view's as to the liver being a 
sugar-forming organ, 668 
Pawlttw’s method for obtaining pure 
gastric juice, 642, 651 
Pelvis of the kidney, 686 
Pendulum myograph, 120 
Penis, 760 
structure, id. 

Pepsin, 638 
Pepsinogen, 639 
Pepsin-hydrochloric acid, 640 
Peptones, 558, 643, 664 
characters of, 644 
Peptonuria, 721 
Perception, 278 

Perfusion cannula, Kronecker’s, 433 
Pericardium, 378 
Perichondrium of cartilage, 54 
Perilymph, or fluid of labyrinth of ear, 
273 , 304 


Pbbssok nebvbs. 


Peristaltio movements of intestines, 682 
of involuntary muscle, 157, 158 (see 
677) 

of stomach, 678 
Perivitelline fluid, 770 
I Permanent teeth. See Tooth. 
Perspiration, cutaneous. 731 
insensible and sensible, ib. 
ordinary constituents of, 732 
Pettenkofer’s reaction, 662 
Peyers patches, 612 
j Pfliige^s law, 177, 182 
Phagocytes, 450 
Phakoscope, Helmholtz’s, 348 
Pharynx, 499 , 

action of in swallowing, ib. 
development, 816 
Phenyl hydrazine test, 553 
Phloridzin-diabetes, 669 
Phosphates in urine, 715, 719 
Phrenograph, 520 
Physiological methods, 3 
Physiologieul rheoseope" 148, 138 
Pia mater, 184 
Pigment cells of retina, 106 
Pineal gland, 503 
Piotrowski’s reaction, 539 
Pituitary body, 503 • 
development, 790 
Placenta, maternal, 781, 782 
foetal, 786 

Plasma of blood, 82, 568, 573 
gases of, 574 
Plethysmograph, 478 
Schafer’s, 435 
Ploura, 509 

Pleuro-peritoneal cavity, 776 
Plexus, 

terminal, 286 
Pneumogastric nerve/218 
distribution of, 219 
influence on 

action of heat, 424 
gastric digestion, 681 
respiration, 526 
mixed function of, 219 
origin, ib. 

Poggendorfs rheocord, 173 
Pohl’s commutator, 172 
Polar globules, 769 
function of, 770 
Polarimetcr, 563 
Polysaccharides, 550 
Pons Varolii, 209, 213 
grey matter in, 210 
Portal circulation, 387 
Portal ^tin, 656. See Liver, 

Pregnancy y 

corpus luteum of, 764 
Presbyopia, 353 
Pressor nerves, 474 
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Pressure, sense of, 289 
Pressure-measurers, 455 
Primitive groove, 772 
streak, ib. 

Primitive nerve-sheath, or Schwann’s 
sheath, 98 

Processus vaginalis, 825 
Projection fibres, 240 
Pronephros, 821 
Pro-nucleus, female, 770 
male, ib .. 

Propeptone, 643 
Prosencephalon, 212, 8IO 
Prostate gland, 693 
Uroteids, 557 

absorption of, 671 
action on polarized light, 558 
of blood, 575 • 
classification, 560 
coagulated, 562 
colour reactions, 559 
composition, 557 
indiffusibility of, 558 
precipitants of, 559 
solubilities, 558 
Proteoses, 558, 644 
characters of, 644 
Proto-albumose, 643 
Protoplasm, 6, 8 

chemical structure, 9 
irritability of, 15 
movements, 12, 106 
Froto-vertebra?, 775, 776, 789 
Psoudopodia, 13 
Pseudoscope, 374 
Pseudo-stomata, 394 
Ptosis, 367 
Ptyalin, 632 
Ptyalinogen, 633 
Pulmonary artery, 799 
Pulse, arterial, 442 seq. 

Purkinje’s cells, 229 
fibres, 95 
figures, 356 

Pyloric glands, 604, 638 
Pyramidal tracts, 203 et seq. 

Pyramids of medulla oblongata, 213, 
214 


R. 


Racemose glands, 628 
Ranke’s metabolic balance-shgct, 739 
Reduced eye, 343 
Reflex arc, 251 
Reflex actions, 247 
inhibition of, 250 


Reflex actions— continued. 
in frog, 249, 256 
in man, 251 
superficial, ib. 
tendon, 252 
of nerves, Ib2, 191 
of spinal cord, 249 et seq. 

Refractive media of eve, 342 
Refraction, laws of, ib. 

Regions of body. See Frontispiece. 
Remak, fibres of, 102 
Remak's ganglion, 429 
ltenal circulation, 387 

epithelium, activity of, 697 
Rennet, 618 

Reproductive organs, 756 et seq. 
Requisites of diet, 739 
Reserve air, 521 
Residual air, ib. 

Respiration, 504 
abdominal type, 516 
alteration in atmospheric pressure, 
539 

breathing or tidal air, 521 
chemistry of, 539 
effect on circulation, 529 
gases in relation to, 537, 541 
influence of nervous system, 534 
mechanism of, 513 et seq. 

nervous, 524 
movements, 513 

of vocal cords in, 321 
quantity of air changed, 521 
Respiratory acts, special, 528 
apparatus, 505 

development of, 819 
capacity of chest, 521 

circumstances*! fleeting, 522 
movements of glottis, 520 
methods of recording, 517 
rate, 522 

relation to pulse rate, ib. 
size of animal, ib. 
relation to will, 524 et.seq. 
muscles, 513 et. seq. ! 
nerve-centre, 524 
rhythm, 520 
sounds, ib. 

Restiform bodies, 224, 228 
Rete testis, 758 
Reticulum, 8 
Rotiform tissue, 50 
Retina, 335 
blind spot, 355 
blood-vessels, 341 
duration of impression on, 356 
of after-sensations, ib. 
excitation of, 355 
focal distance of, 346 
fovea centralis, 335 
functions of, 355 

image on, how formed distinctly 

344 
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Retina. 

Retin a —contin ued. 
layers, 336 
ora serrata, 335 
pigment-cells, 106, 107 
pigments of, 365 
m relation to single vision, 367 
structure of, 335 
visual purple, 305 
Rheocord, 172 

Poggendorf ’s, 173 
Rheoscope, physiological, 148, 158 
Rheoscopic frog, 148 
Rheotome, 145 

Khythmicality of movement, 107 
Rigor mortis, 154 

affects all classes of muscles, 154, 159 
phenomena and causes of, 159 
Ritter’s tetanus, 179 
Rods and cones, 338, 339 
Rolandic area, 262 
injury of, 268 
Roy’s oncograph, 478, 479 
oncometer, 479, 494 
tonometer, 434 
Rumination, 675 


S. 

Saccharic acid, 551 
Saccharoses, 552 
Saccule, 306 
Saliva, 630 
action of, 637 
composition, 636 
process of secretion, ib. 
reflex secretion, 636 
secretion following stimulation of 
nerves, 634 
Salivary glands, 630 
development of, 818 
extirpation of, 636 
influence of nervous system, 634 
secretory nerves of, 633 
effeot of section of, it. 
structure, 630 

Sanderson’s cardiograph, 414 
Sanson’s images, 347 
Saponification, 556, 647 
Sarcolemma, 86 
Sarcomeres, 89 
Sarcoplasm, 87 
Sareostyles, ib. 

Schafer’s heart plethysmograph, 435 
Schemer’s experiment, 349 
Schematic eye, 343 
Sclerotic, 328 

development of, 814 
Sebaceous glands, 729 
Seoreting glands, 626 et seq. 
classification of, 628 

Secreting membranes. See Mucous and 
Serotis membranes. 


Smoking. 

Secretory nerves, 161 

of salivary glands, 633 

effect of section of, ib. 
j Segmentation of cells, 771 
| in chick, 773 
| ovum, f 71 
; Semen, 7610 

filaments or spermatozoa, ib. 
Semicircular canals of ear, 273 
development of, 815 
Semilunar valves. See II cart valves. 
Seminiferous tubules, 758 
Sensation, 2f 7 et seq. 
conception, 278 
homologous stimuli, 281 
nerves of, 161 
j of pain, 279 
perception, 278 
subjective, 281 
tactile, 279 

Sensori-motor area, 267 
Sensory areas in cerebral cortex, 259 
Sensory impressions, conduction of 
by- spinal cord, 247 
in brain, 266, 267 
Serous membranes, 627 
Serum, 

albumin, 360, 373 
of blood, 570, 573 
globulin, 575 

Seventh cerebral nerve, 217 
Sexual organs in the female, 762 
in the male, 756 
Sighing, mechanism of, 529 
Sight. See Vision. 

Simple tubular glands, 628 
Sinuses of Valsalva, 385 
Sinus uro-genitalis, 827 
Sixth cerebral nerve, 2*6 
Skeleton. See Frontispiece. 

Skin, 724 • 

absorption by, 730 
dermis, 725 
epidermis of, 724 
functions of, 730 
papillae of, 726 
respiration, 730 
rete mucosum of, 724 
sebaceous glands of, 729 
secretions, 731 
sensory nerves of, 524 
sweat, 731 
sweat-glands, 729 
varnishing the, 734 
Small intestine, 605 et seq. 

Smell, sense of, 297 

anatomy of regions, 297 
delicacy of sense of, 300 
tests f#r, 300 

varies in different animals, 297 
Smith’s perimeter, 361 
Sneezing, mechanism of, 528 
Snoring, mechanism of, 529 
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!-■ Soap, 556 
Sobbing, 529 

Solitary glands. See Peyer’s, 
Somatopleur, 776 

Sonorous vibrations, how communicated 
in ear, 309 et seq. • 

in air and in water, ib. See Sound. 
Sound, 

conduction of by ear, 309 
heart, 410 
production of, 323 
paces of Fontana, 334 
peaking, mechanism of, 33$ 

Special senses, 282 et seq. 

. Spectroscope, 592 et seq. 

Speech, 31 a, 325 
■ defects of, 326 
Speech centre, 26$ 

Spermatoblasts, 759 
Spormatogenic cefls, ib. 

Spermatozoa, 760 

form and structure of, ib. 

Spherical aberration, 351 
correction of, 352 
Sphincter ani. See Defalcation, 
pupillaa, 333 

Sphygmographs, 443, 444 
tracings, 445 et seq. 

Sphygmoscope, Anderson Stuart’s, 437, 
4 S 8 

Spinal accessory nerve, 218 
functions of, 219 
origin, ib. 

Spinal cord, 194 
canal of, ib. 
centres in, 233 

a collection of nervous centres, ib. 
columns of, 195 
commissures ot, ib. 

conduction of impressions by, 247 et seq. 
course of fibres in, gpo 
development of, 8of> 
fissures and furrows of, 195 . 
functions of, 247 et seq. 

of columns, 204 
hemisection, 205, 247 
injuries of, 247, 251 
membranes of, 184 
morbid irritability of, 253 
nerves of, 200 
reflex action of, 249 et seq. 
inhibition of, 250 
in frog, 249, 256 
in man, 251 
superficial, ib. 
regions or, 206 
.. .special centres in, 255 
lltrueture of, 194 et seq. 

Hmcta, 195, 203, 247 , 
white matter, 183,196 
tracts in, 198 
grey matter, 185, 196 
cells in, 197 


Spinal nerves, 165 
origin of, 165 et seq. 
functions of roots of, 165 
physiology of, 166 
Spindle-shaped cells, 646 
Spirem, 18 
Spirometer, 521 
Splanchnopleur, 776 
Spleen. 490 

development, 819 
functions, 492 

Malpighian corpuscles of, 492 
pulp, 490 
structure ot, 490 
trabeeulro of, ib. 

Spongioblasts, 337, 806 
Spongioplasm, 9 
Spot, germinal, 7G6 
Stannius’ experiment, 430 
Stapedius muscle, development of, 794 
Stapes. 303 
development of, 794 
Starch, 533 
Starvation, 741 
effects of, 742 
Steapsin, 647 
Stearic acid, 333 
Stearin, ib. 

, Stercobilin, 663, 702 
j Stetliographs, 318, 519 
Stimulants as accessories to food, 625 
Stimuli, varieties of, 109 
St. Martin, Alexis, case of, 679 
Stomach, Go 1 

blood-vessels, 603 
development, 816 
digestion in, 642 
glands, 603 
lymphatics, 604 
movements, 678 

influence of nervous system on, 
680 - 

mucous membrane, 603 
muscular coat, 602 
nerves, 605 
peritoneal coat, 602 
secretion of. See Gastric j uice. • 
submucous coat, 603 
structure, 602 
Stomata, 25 * 

Stratum granulosum, 725 
intermedium of Hannover, 80 
lucidum, ib. 

Striated muscle. See Muscle. 

Stroma, 762 

Stromubr, Ludwig’s, 437 
Structure of cells, 9 
Stuart’s sphygmoscope, 457, 458 
Submaxillary gland of dog, 633 
Submaxillary and sublingual glands, 633 
Substantia gelatinosa of Rolando, 222 
223 

.Substantia nigra, 227 
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Subthalamic a kb a. 

Subthalamic area, 235 
Succus entericus, 648, 684 
functions of, 648 
Sugar. See Dextrose. 

Sulphates in urine, 715 
Superior laryngeal nerve, effects of 
stimulation of cut, 524 
Superior olivary nucleus, 225 
Suprarenal capsules, 500 
development of, 827 
function of, 502 
structure, 500 
Sustentacular cells, 758 
Swallowing, 675 
centre, 677 
fluids, 677 
nerves engaged, 676 
Sweat glands. See Skin. 

Synovial fluid, secretion of, 627 
membranes, 627 
Syntonin, 561 

Systemic circulation. See Circulation. 
Systole of heart, 406 


T. 


Tables of diet, 739 ct seq. 

Tactile end organs, 282 
sensibility, 266, 279 
variations in, 288 
Taste, sense of, 291 
classification of, 296 
connection with smell, 291 
delicacy of, 297 ‘ 
nerves of, 294 
Taste-buds, ib. ■ 

Taurine, 662 
Taurpcholie acid, ib. 

Teeth, 70 
development, 77 
eruption, times of, 71 
structure of, 72 et seq. 
temporary and permanent, 70 et eeq. 
Tegmentum, 226 
Temperature, 749 
average of body, 750 
changes of, effects of, 750 et eeq. 
circumstances modifying, 754 
of cold-blooded and warm-blooded 
animals, 750 
in disease, ib. . 
loss of, 754 
maintenance of, 750 
of Mammalia, birds, etc., ib. 
regulatfon of, 754 cl seq. 
sensation of variation of, 290. See 
Heat. 

Temdoh-reflexes, 252 
Tension, arterial, 537 


Tubbs, Fallofiam. 

! Tensor tympani muscle, 203 . 
action of, 211 
Testicle, 756 
development, 825 
! descent of, ib. 
i structure of, 756 et seq. 

Tetanus, 127 
i Hitter’s, 179 

voluntary, 128, 158 
Thalamencephalon, 212, 810 
Thalami optici, 222 
; Theine, 625 ' 

Theobromines, ib. 

Thoma-Zeiss hsrmacj'tometer, 583 
Thoracic duct. 398 
Thymus gland, 495 
development, 819 
j function of, 498 
structure, 495 

Thyro-arytenoid muscles, 317 
Thyroid cartilage, 314 
Thyroid gland, 498 
development of, 819 
! function of, 499 
j structure, ib. 

; Timbre oi voice, 323 
Tissue-respiration, 339, 545 
Tongue, 291 

j action in deglutition, 675 
j epithelium of, 295 
papillse of, 293 

parts most sensitive to taste, 294, 
295 

structure of, 291 
! Tonometer, Roy’s, 434 
i Tonsils, 599 
' Tonus, 136, 253 
i Torsion, 790 
I Touch, 282 et seq. 

! muscular sense, 290 
j sense of locality, 287 

of pressure, 289 
\ of temperature, 200 

I tactile end organs, 282 

Touch-corpuscles, 285 
Trabeculte cranii, 792 
Trachea, 505 
Tract of Sowers, 205 
of Lissauer, 205 

Tracts in the spinal cord, 203, 247 
Transmission myograph, 129 
Traube-Hering’s curves, 473, 533, 606 
Tricuspid valve, 383 
Trigeminal nerve, 217 
function, ib. 
origin of, ib. 

Trochlear nerve, 2t6 
origin of, ib. 

Trom^ier’s test, 350 

Trophic nerves, influence of, 375 

Trypsin, action of, 647 

Tubercle of Rolando, 222 

Tubes, Fallopian. See Fallopian tubes. 
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Tubuli seminifbbi. ■ 

Tubuli seminiferi, 758 
uniferi, 686 et stq. 

Tubulo-racemoBB or tubulo - acinous 
glands, 628 

Tunica albuginea of testicle, 75Q 
dartos, 94 
propria, 273 
vaginalis, 776 
vasculosa, 332 

Tympanum or middle ear, 302 
development of, 815 
membrane of, 302 
structure of, tb. 

Tyrosin, 651 


U. 


Umbilical arteries, 788, 800 
cord, 782, 788 * 

vesicle, 778, 782 
Unicellular organisms, 6 
Unipolar nerve cells, 187 
Unorganised ferments, 566 
Urachus, 787 
Uraemia, 733 
Urate of sodium, 718 
Urea, 704 

apparatus for estimating quantity, 
705, 706 

chemical composition of, 704 
formation of, 707 

identical with cyanide of ammonium, 


7°4. 

quantity, 706 
Ureters, 692 
Urethra, 693 
Uric acid, 710 

condition in which it exists in urine, 
712 

deposit of, 717 

forms in which it is deposited, 710, 


7*7 , 

origin of, 712 

presence in the spleen, 493 
proportionate quantity of, 712 
tests, 711 

variations in quantity, 712 
Urina potus, 703 
Urinary apparatus, 685 et seq. 
Urinary bladder, 692 
development, 827 
nerves, 693 
structure, 692 

Urinary deposits, 717 et aeq. 
Urine, 702 
analysis of, 702 
bile in, 723 
blood in, to. 


■K—P* 


Vaso-motor nerves. 

Urine— continued. 
chemical composition, 703 
■sediments in, 720 
colour, 702 
cystin in, 718 

effect of blood-pressure on, 694 

expulsion, 700 

flow into bladdtr, ib. 

hippurio acid in, 712 

inorganic constituents, 714 

mineral salts in, ib. 

mucus in, 716 

pathological, 720 

physical characters 702 

pigments, ib. 

pus in, 723 

quantity, 702 

reaction of, 703 

in different animals, ib. 
made alkaline by diet, ib 
saline matter, 714 
solids, 702 

specific gravity of, 703 
variations of, ib. 
sugar in, 721 el aeq. 

tests for estimating, 722 
tests for inorganic salts of, 717 
urates, 718 
urea, 704 
uric acid in, 710 
Urobilin, 663, 702 
Urochronie, 703 
Uterine milk, 783 
Uterus, 766 

changt ! of mucous membrane of, 767 
et aeq. 

• development of in pregnancy, ib. 
follicular glands of* ib. 
structure, ib. 

Utricle, 306 


V. 


Vagina, development of, 825 
Vagus nerve. See Pneumogastric. 
Vagus pneumonia, 377 " 

Valvesof heart, 383. See Heart valves. 
Valvulm eonniventes, 608 
Vas deferens, 757, 760 
Vasa effercntia of testicle, 758, 760 
Vasa vasorum, 390 
Vascular system in asphyxia, 535 
development of, 795 
Vaso-constrictor nerves, 469 
Vaso-dilatator nerves, 471 
V aso-motor nerves, 
distribution of, 469 
effect of section, 468 et seq. 
experiments on, 476 
influence upon blood-pressure, 473 
3 1 
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\ Aso-motor nerve-centre. 

Vaso-motor nerve-centre, 534 
nervous system, 467 et aeq. 
reflex action, 474 
Vegetables as food, 615, 623, 625 
Vegetable cells, 6 
protoplasmic movoment in, 13, 14 
Veins, 390 
cardinal, 802 
circulation in, 450 et aeq. 

velocity of, 429 
collateral circulation in, 390 
development, 801 
distribution, 390 
pressure in, 462 
rhythmical action in, 451 
structure of, 391 
umbilical, 788 
valves of, 391 
velocity of blood in, 439 
Velocity of blood in arteries, 437 
in capillaries, 438 
in veins, 439 
of circulation, ib. 
of nervous force, 168 
Vena; advehentes, 801 
revehentes, ib. 

Ventilation, 543 

Ventral cerebellar tract, 205 

Ventricles of heart. See Heart. 


Ventricular diastole, 407 
systole, 406,- 407 
Ventriloquism, 324 

Veratrine, effect of, on muscular con¬ 
traction, 125 

Vermicular movement of intestines, 
682 

Vertebne, development of, 789 
Vesicle, germinal, 766 
Vesiculiu seminales, 760 
structure, ib. 

Vestigial fold of Marshall, 803 
Vibrations, conveyance of to auditory- 
nerve, 309 et aeq. 
VierordtVhirmatochometer, 438 
Villi in chorion, 787 
function of, 788 
of intestines, .608 

Visceral clefts 4mA arches, development 

conneetid 9 *with cranial nerves, 795 
Visceral mesoblast, 776 
Visceral plates, 778 
Vision, ib. 
angle of, 344 

at different distances, adaptation of 
eye to, 346 et aeq. 

corpora quadrigemina, the principal 
nerve-centres of, 227 
correction of aberration, 352 et aeq. 

of inversion of image, 372 j 

defects of, 351 et aeq. 
distinctness of, how secured, 374 
et aeq. 


Work or heart. 


Vision— continued. 
duration of sensation in, 356 
estimation of the form of objects, 
373. . 

ofrtheir size, 372 
fooar distance of, 346 
impaired by lesion of fifth nerve, 
376 

single, with two eyes, 367 et aeq. 
Visual area, 266 
judgments 372 
Visual purple, 339, 365 
Vitellin, ©21 
ViteEine duct, 816 
membrane, 765 
spheres, ib. 

Vitreous humour, 328, 341 
Vocal cords, 314, 320 

action of in respiratory actions, 
321 

approximation of, effect on height of 
note, ib. 

vibrations of, cause voice, 321, 323 
Voice, 314, 323 
range of, 324 

Volkmann’s hmraadromometcr, 438 
Voluntary muscle, 85 
nerves of, 93 
Voluntary tetanus, 128 
Vomiting, 681 

action of stomach in, ib. 
centre, 682 
nerve actions in, ib. 
voluntary- and acquired, ib. 

Vowels and consonants, 325 


W. 


Wallerian degeneration method, 164, 
167, 199 

Waller's apparatus for gas analysis, 

,547, 548 

Water hammer pulse, 4A2 

Wave of blood causing the pulse, ib. 

volocity of, ib. 

Weber’s paradox, 135 
Weight, influence on capacity of respi¬ 
ration, 522 
Whey proteid, 618 

White corpuscles. See Blood-cotpusclcs, 
white; and Lymph-corpuscles! 

White fibro-cartilage. See Fibro-car- 
'tilage, white. * 
fibrous tissue, 44 
Wolffian bodies,'020 et aeq. 
duet, 821 

Work of hegrt, 422 



IJJDEX. 


X. 

Xanthine, 493, 497 
Xantho-proteie reaction, 559 


Y. 

Yawning, 529 
Yellow elastic fibre, 46 
tfbro-oartilage, 36 
spot of Sommenng, 3331 


j Zymooen. 

1 Yolk-sac, 782, 783 et tteq, 

'■ Yolk-spherules, 765 
1 Young-Helmholtz theory, 363 


; Z. 

i Zona pelluoida, 765 
! Zonule of Zin- * • * 

1 Zymogen, 632 


TITE END. 
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